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i'l^'^compouSif" """^ compound of low toxkitx which can serve as a substJlute for a 

h is. therefore, one object of the present invention to provide a thermally develooable 
light sensitive material having an improved green shelf life ^ ocveiopaDJe. 

Another object of ihc present invoniion is to provide a thermally developable liehi- An 
sensitive materuil having improved whiteness. "cveiopaoie iigni- 40 

A further object of the present invention is u> provide a thermally develooable liiiht- 
sensilivc materia wherein increased ihermal f.,g (c.'rrespondinu 10 the foe prXced in the 
°" ^'^^•-••"P"^«-'"'> attributable to st.'rage pri.>r to d^l®eh'?mi^, i^s 
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(54) THERMALLY DEVELOPABLE 
LIGHT-SENSITIVE MATERIALS 

(71) We. FUJI PHOTO FILM CO.. LTD.. a Japanese Company, of No. 210, 
Nakanuma, Minami/Ashigara-Shi, Knnagnwa, Japan, do hereby declare the invention for 
which we pray that a patent may be granted to us, and the method by which it is to be 
performed, to be particularly described in and by the following statement:- 
5 The present invention relates to thermally developable light-sensitive materials. 5 
Thermally developable light-sensitive materials utilizing a composition containing as 
essential components an organic silver salt, ^ small amount of stiver halide and a reducing 
agent are disclosed in U.S. Patents Nos. 3 J 52,904 and 3,457.075. In these light -sensitive 
systems, silver halides remain in the light sensitive material after development and change 
10 in color upon light-exposure, i.e., they arc not stabilized to light. Nevertheless, these sys- lO 
tems produce satisfactory results, as well as the other system wherein residual silver halide 
receives a stabilizing treatment to light. This is because only a small amount of silver halide 
is used and a large portion of the silver component is present in the form of white or pale 
yellow organic silver salts which arc stable lo light so that they hardly blacken upon light- 

15 exposure. Thus, even if coloration results from the decomposition of residual silver halide 15 
caused by light-exposure, such slight coloration can hardlv be perceived by the eye. In the 
above-described light sensitive systems, images are formed by the following mechanism: the 
oxidizing agent (organic silver salts) and the reducing agent incorporated in the light sensi- 
tive layer undergo a redox reaction in the presence of a catalytic amount of exposed silver 

20 halide when the system is heated to SO^C, preferably up to lOOX, after the completion of 20 
image-wise exposure, although the system is inert at ordinary temperature, resulting in the 
liberation of silver which causes a quick blackening in exposed areas of the light sensitive 
layer to produce contrast to unexposed areas (background). 

In addition, thermally developable light sensitive materials of this kind include those 

25 which contain as a photocatalyst a light sensitive complex prepared from silver and a dye 25 
instead of the aforesaid silver halide, as disclosed in Japanese Applications (Laid-Open) 
4728/71 and 28221/73, and Japanese Patent Publication 25498/74; and those which con- 
tain as organic silver salts a high sensitivity organic silver salt and a low sensitivity organic 
silver salt in combination, and, ihcivfurc, can be free of silver halide, as disclosed in 

30 Japanese Applications (Laid-Open) »S522/75. Accordingly, these thermally developable 30 
ligni sensitive materials are within those to which the technique of the present invention is 
applicable. 

The addition of mercury compounds to thermally developable light sensitive materials 
improves the green shelf life thereof as disclosed in U.S. Paient 3,589,903. However, 
35 mercury compounds are undesirable because they are, in general, highly loxic. Therefore, it 35 
is an important object to find compound of low toxicils which can serve as a substitute for a 
mercury compound. 

It is, therefore, one object of ihe present invention to provide a thermally developable 
light sensitive materia! having an improved green shelf life. 
40 Another object of the present invention h 10 provide a thermally developable light- 40 
sensitive material having improved whiteness. 

A further object of the present invention is lo pnuide a thermally developable light- 
sensitive material wherein increased thermal fog (corresponding to the fog produced in the 
background on thermal development) attributable to storage prior lo development is sup- 
45 pressed. 45 
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Still another object of the present invention is to provide a thermally developable light- 
sensitive material vs^hich produces, on image-formation after prolonged storage, an image 
exhibiting a color tone equal to that of an image obtained just after Ihe production of the 
light sensitive material. ^ i. « j ■ wia S 

5 Another object of the present invention is to provide a thermally developable light- ^ 
sensitive material wherein coloring of the background of the image obtained upon exposure 
to light (termed color change caused by light hereinafter) is reduced. ^ 

A further object of the present invention is to provide a thermally developable light 
sensitive material which exhibits high sensitivity. ... in 

10 We have found that these objects can be attained with a heat-developable Iight-sensitivc »v 
material containing one or more trivalent and/or one or more letravalent cerium com- 

^^A^tifermally developable light-sensitive material of the present invention comprises: (a) 
an organic silver salt; (b) a photocatalysi which catalyses the reaction of an organic silver 

15 salt with a reducing agent to form a silver image; (c) a reducing agent selected from *^ 
substituted phenols; optionally substituted bis. tris and telrakisphenols; 3-pyrazoIidones, 
nyrazolines and pyrazolones; phenylenediamines; hydroxyamines; hydroxammic acids; 
hydrazides; indane-1. 3-diones. amidoximes, substituted hydropyridines, organic hyd- 
razone compounds, hydrazines, amino-9, JO-dihyroacrid^^^ „ 

->0 acetoacelonilriles, p-oxyphenylglyciiiieV4,4'-diaminodiphenyl, 4,4 -dimethylaminodiphenyl 
and 4.4'.4"-dicthylamino triphenylmethane in a support and/or in one or more layers pro- 
vided on the support, and, further, (d) at least one cerium compound selected from trivalent 
and tctravalent cerium compounds in the support and/of in one or more layers thereon 
(where both trivalent and tetravalent cerium compounds can be used, if desired). The term 

25 ''substituted phenols" does not include substituted naphthalenes or naphthols. 

Component (d) which is the most characteristic component in the present invention 
comprises one or more trivalent and/or one or more tetravalent cerium compounds. Tetrav- 
alenl cerium compounds remarkably improve green shelf life, Tn contrast, trivalent cerium 
compounds remarkably improve whiteness. . , ^ ^.,^a^ 30 

30 Preferred examples of trivalent or tetravalent cerium compounds include compounds 
represented by the following general formulae (1) and (H): 
CeiXn,xH:0 (1) 

MnCcpXH-yHiO (11) ^ 
wherein Cc represents a trivalent or a tetravalent cerium atom; X represents an anion, 

35 specific examples of which include a nitrate ion, a hydroxide ion, a nitro ion, a sulfate ion, an 
oxygen ion, a titanalc ion, an acetate ion, an acetyl acetonate ion, a carbonate ion, a halogen 
ion (e.g., chlorine, bromine and iodine atoms), long chain aliphatic carboxylic groijps (most 
preferably having 10 to 30 carbon atoms, e.g., laurate, palmilale, stearatc and behenale 
groups), a perchlorate ion and a phosphorate ion. Particularly preferred examples are a 

40 nitro ion, halocen ions and long chain aliphatic carboxylic groups; M represents a cation, ^ 
specific examples of which include a hydrogen ion, an alkali metal ion (e.§., lithium, sodium, 
potassium, cesium and rubidium atoms), onium groups (e.g., ammonium groups, phos- 
phonium groups, arsonium groups, slibonium groups, sulfonium groups, selenonium 
groups, staunoium groups, iodonuim groups (of the above. R>N groups are preferred 

45 wherein R represents H. an alkyi group having I to 22 carbon atoms, an aryl group having 6 



lo 22 carbon atoms, e.g.. an NH4 group, a teiramethyl-ammonuim group) );/, m» n, p and q 
represent integers necessary to render the compound neutral, for example, / is equal to I 
and m is equal 10 4 when Cc is a tetravalent cerium atom, n is equal to 2,p is equal to I and 
q is equal to 6 when Cc is a tetravalent cerium atom, M is a monovalent canon and X is a 
monovalent anion, and / is equal to 2 and/71 is equal to 3 when Ce is a irjvalent cerium atom 
and X is a divalent anion; and x and y each represents an integer (including zero; most 
preferably 0 to 16) which cannot be unequivocally defined because they depend upon the 
conditions of manufacture and storage (.v andy, however, generally arc such as give a high 
degree of deliquescence; there are many commercial hydrates of this kind represented by 
55 the notation .vH:0), In the present invention, a mixture of compounds having varying water 
crystallization degrees can be used, if desired. 

Specific examples of trivalent and tetravalent compounds are given belovv: 
Ce(OH).i, Ce(OH)4, CeO^. Cc:0.i. LisCeO., NarCeO.s KCeO:. K:Ce03, Cl^. Ce(N^^^ 
Ce(NO.); 6H:0, Ce(N0a).^-5H:0, Ce(NO.0.-4H:O, Ce(N0,)a-5H:0, CeOH (NO..).^ ' 
60 xH:0, (X = 0 and/or 3), _ . ^ 

KCe(NO.0-H:O. K:Cc(NO.0.s K:Ce(NO0'^. ^^Cc(NO.)4.H:a ^^^^ ^ 
RfvCerNO0-4H:O, Rb:Cc(NO.O-. CsCc(NO>)-l l:0. (NH.):Ce(NO^)«,_ 



50 



45 



50 
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Ce:(S04)3-8H20, Ce(S04)2xH2O (x « 0, 2, 4. 5, 8, 9 and/or 12) CeBn, Ce(TiO K\ 

CcIj-9H20, Ce(Cl04)3-6H2O, CeP04. 

Ce(Ci3H25COO)3» Ce(C22H4sCOO)3 and Ce(Ci«H37COO)3. 

Furthermore, cerium complex salts containing as ligands organic molecules may als*.* '^c 
5 employed. As the ligands of the complex salts, nitrogen containing organic compounds ..nd 5 
dibasic acids arc preferred. EspeciallY, nitrogen-containing heterocyclic compounds xrfid 
dibasic acids, which have two carboxylic groups linked via 0 to 4 carbon atoms, are pirc-.-r- 
red. I.e., linkages between CO moieties. As the specific examples of these ligands, mention 
may be made of 2.2'-bipyridyl, l.lO-phenanthroline. phthalocyanine, pyridine, quinol»nc, 
10 8-hydroxyquinoIine, urotropin, diphenic acid, naphthalic acid, phthalic acid and oxalic acsd. 10 
Specific examples of cerium complex salts include 
Ce(Dip)2(N03)3 xH20 (where Dip is 2.2'-bipyridyl) (x = 0 to 16), 
t Cc(Dip)2Br3, Ce(Phen)>(N03)3 (where Phen is phenanthroline), 
Ce{Phcn)2(SCN)3, Ce(Phlha)Br (where Phtha is phthalocyanine). 
15 Ce{Uro)2(SCN)3-8H20 (where Uro is urotropin), Na3[CefDP)3] (where DP is diphcr,ic 15 
acid), Na[Ce(Naphth)2] (where Naphth is naphthalic acid) and NH4[Ce(OX)2] xH.O 
(where OX is oxalic acid) (x = 0 to 16). , x , i_ m 

Component (d) may be incorporated into any photographic layer(s) of the thermaily 
. developable light sensitive material, and it matters little how and when component (d) is 
20 added thereto. .... . • 

The amount of component (d) added cannot be limited to a specific range because it 
depends upon what kinds of compounds are employed for each of other components. 
However, as a guide, it can be said that the addition of from 

5 X IQ-' mole to I x IQ-^ mole of component (d) per mole of organic silver salt (a) 
25 produces desirable effects. A more preferred concentration range for component (d) is in 25 
the range of 10"' to lO'"* mole per mole of organic silver salt (a). 

The organic silver salt ingredient (a) in the present invention is a colorless or slightly 
colored sSver salt comparatively stable against light, which reacts with a reducing agent to 
form a silver image when heated to not less than about SC^C, preferably not less than lOC^C, 
30 in the presence of exposed silver halide. Such organic silver salts include silver salts of 30 
organic compounds having an imino group, a mercaplo group, a thione group or a carboxy 
group. Specific examples thereof are as follows. 

■ <1) Silver salts of organic compounds having an imino group: silver salt of benzotriazole, 
silver salt of nilrobenzotriazole, silver salt of an alkyl-substituted benzotriazole (e.g., 
35 mcihylbenzotriazole, etc.), silver salt of a halogen-substituted benzotriazole (e.g., silver salt 35 
of bromobenzotriazole, silver salt of chlorobenzotriazole, etc.), silver salt of a carboimido- 
substituted benzotriazole (e.g.. 



40 



or 





40 



45 silver salt of benzimidazole. silver salt of a substituted benzimidazole (e.g., silver salt of ^ 
5-chlorobenzimidazoIe, silver salt of 5-nitrobenzimidazoIe. etc.), silver salt of carbazole, 
silver salt of saccharin, silver salt of phihalazinone, silver salt of a substituted phthalazinone, 
silver salts of phihalimides, silver salt of pyrrolidone, silver salt of tetrazolc, silver salt of 
imidazole. N-(benzoic acid-sulfonic acid-(2)-imide) silver, N-(4-nitrobenzoic acid-sulfonic 

50 acid-(2)-imide)silver, N-(5-nitrobenzoic acid-sulfonic acid-(2)-imide) and other ^" 
N-(benzoic acid sulfonic acid-(2)-imide)silvers. 

(2) Silver salts of mercapto group- or thione group-containing compounds: silver 
S-alkyl-thioglycolates wherein the alkyl substituent has 1 2 to 22 carbon atoms, as disclosed 
in Japanese Patent Application (CPI) 28221/73; silver salts of 2-alkylthio-5- 

55 (carboxylaiemcihylihio)- 1,3,4-thiodiazoles, most preferably those wherein the alkyl group 
has from 12 to 22 carbon atoms, or silver salts of 3-(carboxylatemethylthio)- 1,2.4- 
triazoles; silver salts of thione compounds as disclosed in U.S. Patent 3,785,830 (wherein 
the thione compounds are represented by the following general formula 
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wherein R represents the atomic group necessary to complete a 5-membered heterocyclic 
"i^^'i ^^'^^ ^ thiazo ine ring, imidazoline ring, pyrazoline ring, etc., and Z represents an 
d S'os"/rt^irfi "^P"!?,?;"? \ ^^o*?4"^°" atoms.): silver S-2-lmino: phenylthiosulfate as 
J^^'*".V-^'^1^*^?,^' 2-rnercaptobenzoxazole silver, mercaptoxadiazole 
silver. 2-mercai>tobenzothiazoIe silver, 2-(S-cthyrthio glycolamide)benzothiazole silver. 
,i, 2-mercaptobenzimidazole silver, 3-mercapto-4. phenyl-I.2.4-triazole silver, silver salts of 

mercaptptriazines. silver 'salts of 2-qicrcapto-5- aminothiadiazoles, silver salts of 
15 1 ;phenyl-5- mercaptotetrazoles, -silver ^alts of dithiocarbonates such as a silver salt of 15 
dithioacetate. thioamide silver,; silver sahs of thiopyridines such as 5-carbcthoxy- 
di"tK car&n?ates * hydroxybenzole silver, silver diethyl- 

' -,n ^JP Carboxy group-containing organic silver salts: (a) Silver salts of aliphatic carboxylic 

¥■ t S''ver caprate silver laurate. silver myristate. silver palmitate. silver stearate. silver 20 

if behenate, silver maleate, silver fumarate. silver fartarate. silver furoinate. silver linolate 

silver oleate, silver hydroxystearalc. silver adipate. silver sebacate, silver succinae silve^ 
acetate, silver butyrate. silver camphorate, silver undecylenaie. silver lignocerate silver 
arachidonate, silver erucinate, silver oxalate, silver 10.12,14- octadecatrienoate silver salts 
25 of thiwther group containing aliphatic carboxylic acids as disclosed in, for example. U.S 25 
ft 'P"'^^^^^''^^ mP'"°P'**"^'«' valerate, silver caproate, silver caprylate. silver 

r-butylhydroperoxide. silver ma onate, silver glutarate. silver pimelate. silver azel4inate 
silver chloroacetate. silver trichloroacetate. silver fluoroacetate. silver iodoacerate save; 
sarcosinate, silver aniline acetate, silver mandelote, silver hippurate. silver naohthalene 
30 acetate, silver creatinate silver lactate, silver a- or>5-mercapto propionate, sfller levSe 30 
L «oart L%HH f '"'^•'i L-alanine. y-amino lactic ^cij r-aminocajSc acid,' 
^;^'ri^v^.rf^Sr«^>t\"'^'"ll''^''*'•i^•'^^'''"''• • t"carballyla«e, silver nitrilotriace- 

tate, silver citrate, silver ethylenediamine tetraacetate, silver acrylate. silver methacrvlate 
silver crotonate, silver sorbinate. silver itaconate. (b) Silver salts of aromaUc carffit fc 
t"i'i,if ' ^"ver 3,5-dihydroxybenzoale. silver o-methyXnzlate, sKr 35 

m-methylbenzoate. silver p-methylbenzoaie. silver 2.4-dichloro- benzoate silver 
acetamidobenzoate. s.lverp-phenylbenzoate. silver gallate. silver tannate. silver phthl a^e 
^ -"JL^,»!P''"l^'^*^' ^^^^V ^^'•'^y'^'e- silver phenyl acltate, silver pyromelHtrte. silver ^It of " 
4 -/i-octadecyloxy diphenyl-4- carboxylic acid, silver >n-nitrobenzoate silver 
^ ^ilvITr r?„''n«"^''f''' f''" f"^°inate. silver /-hexoxybenzoate, silver octadecoxy- benzo^^^^^^ 40 
SI ver cinnamate, silver ;7-methoxycmnamate. silver furcate, silver p-nitrophenyl acetate 
m SUviV" fi!fona?« picolinate. silver Wridinf.2.3-TcXnate ' 

silver ethane sulfonate, silver 1-propane sulfonate, silver l-butane sulfonate silver 
45 1-pentane sulfonate, silver, allyf sulfonate, silver benzene sTfona e snverf- 45 
«-butylnaphthalene- 4-sulfonate, silver naphthalene-1 .5- disulfonate silver a- ol 
^-naphthalene su fonate. si ver p-tolucne sulfonate, silver ioluene-3.4- disulfonaie silver 
si?leTraS"8 '^inirh'r 3.6.-disulfonate. silver anthraquiiione^l- sulfo- 

cn 2-amino-8-naphthol- 6-sulfonate. silver p-styrene sulfonate 

50 (5) Silver sulfinates: 50 

^''rfi^ 'V;\« "^"^ sulfinate. silver p-acetoaminobenzene sulfinate. silver benzene sulfinate. 
(o; Oliver preanic phosphates: 

i''n!^iP.K^'?^'iP uP^^'*''-.''''''^^''""''r°P''^"y' phosphate, silver /3-gIycerophosphate. silver 
cc ^-"^phthyl phosphate, silver adenocine-5'- 3-phosphate. uniiusHiidic, siiver 

55 (7) Silver salts of macromolecular compounds: 55 

* (I) 'ot'?[|"|iS'e*r' sills'' '»y*'f°Sen phthalatc. silver polystyrene sulfonate. 

m^thvl^f^^^" °^ ^''y^J°?y-6- methyl- 1.3.3a.7- tetraraindene. the silver salt of 5- 

60 B^S;h'KnfV^^•n■^^^,•^"P^"^"^'"^ ^^'^ of teimzaindenes as d sclised . 

I idfi •-^<'.'i42: meial-containmg aminoalcohols as disclosed in British Patent 60 

1.346.595; organic acid chelates of silver as disclosed in U.S. Patent 3 794 496- silver 

? Iver 5-c-hlorosalicyl aldoxime. silver salt of barbi uHcacid. I ve 
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In addition, oxidizing agents such as titanium oxide, zinc oxide, gold salts of carbi xylic 
acids, e.g., gold laurate, gold stearate, gold behenate. can be optionally employed together 
with the above described silver salts. 

Of the above described organic silver sails, comparatively light stable organic silver sah . are 
5 suitable when silver halides or light-sensitive complexes of silver and dyes as describ-. d in 5 
French Patent 2,089,208 are used as photopatalysts. Silver salts of aliphatic carboxylic .icids 
containing li to 35 carbon atoms are particularly preferred. 

Such organic silver salts can be prepared according to various processes. The simj)lest 
process is to prepare organic silver salts by mixing a solution prepared by dissolvinc^ an 
10 organic silver salt-forming agent or a salt thereof in a water-miscible solvent (e.g., alcohol 10 
or acetone) or water, with an aqueous solution of a water-soluble silver salt (e.g., i;:!ver 
nitrate) as described in U.S. Patent 3,457,075. 

Furthermore, it is also possible to mix a colloidal dispersion of an ammonium or alkali 
metal salt of an. organic silver salt*forming agent with an aqueous solution of a water- 
15 soluble silver salt (e.g., silver nitrate) as is described in British Patent 1,347,350. 15 
In a similar process, it is also possible to use an aqueous soiution of a silver complex salt 
(such as a silver ammine complex- salt or a solution prepared by dissolving such a silver 
complex salt \n a water-miscibie solvent in place of the aqueous solution of a water-soluble 
silver salt such as silver nitrate. * * 
20 As other processes, U.S. Patent 3,458,544 discloses mixing an oil-soluble solution which 20 
is substantially insoluble in water (such as a benzene solution) containing dissolved therein 
an organic carboxylic acid with an aaueous solution of a silver complex salt to prepare a 
silver salt of an organic carboxylic acicl. Preferably, water is added to the oil-soluble solution 
to prepare an emulsion before mixing with the aqueous solution of the silver complex salt. 
25 Similar processing can be applied to other organic silver salts. 25 
Japanese Patent Publication 30270/69 describes a similar process which, however, pro- 
vides organic silver salts more stable against heat and light which comprises using a solution 
of an alkali-free silver compound, such as an aqueous solution of silver nitrate, in place of a 
silver complex salt. According to this process, the silver salt of benzotriazole can be 
30 obtained in high jjield. 30 
In addition, British Patent 1,405,867 describes a process for preparing organic silver 
salts. This process is preferred because a thermally developable lignt-sensitive material 
using an organic silver salt obtained according to this process suffers less heat fog. Accord- 
ing to this process, organic silver salts are prepared by mixing an emulsion of an aqueous 
35 solution of an alkali metal salt or ammonium salt of a water-soluble organic silver salt- 35 
forming agent and an oil (e.g., benzene, toluene, cyclohexane, pentane, hexane, a carbox- 
ylic acid ester such as an acetate or phosphate, castor oil, etc., with a silver salt (silver 
nitrate, etc.) or a silver complex salt, preferably as an aqueous solution. As an alternative 
thereof, organic silver salts can be prepared by mixing an aqueous alkali solution with an 
40 oil-soiuble solution (for example, a toluene solution) of an organic silver salt-forming agent 40 
and emulsifying the same, and thereafter mixing the resulting emulsion with a highly soluble 
silver salt such as silver nitrate or a silver complex salt such as a silver ammine complex salt, 
preferably as an aqueous solution. As the oil used for the preparation of the afresaid oily 
solutions, the following are generally used: 
45 (1) phosphates: tricresyl phosphate, tributyl phosphate, mono-octyldibutyl phosphate, etc.; 45 
(2) phihalic esters: diethyl phthalate, dibutyl phthalate, dimethyl phthalate, dioctyl phtha- 
late, dimethoxyeth^l phthalate. etc.; (3) carbo.xylic esters: acetic esters such as amy! acetate, 
isopropyl acetate, isoamyl acetate, ethyl acetate, 2-ethylbutyl acetate, butyl acetate, propyl 
acetate, etc., sebacic esters such as dibutyl sebacate, diethyl sebacate, etc., succinic esters 
50 such as diethyl succinate, etc., formic esters such as ethyl formate, propyl formate, butyl 50 
formate, amyl formate, etc., valeric esters such as ethyl valerate, etc., tartaric esters such as 
diethyl tartrate, etc., butyric esters such as methyl butyrate. ethyl butyrate, butyl butyrate, 
isoamyl butyrate, etc., adipic esters, etc.; (4) oils such as castor oil, cotton seed oil, linseed 
oil, tsubaki oil, etc.; (5) aromatic hydrocarbons such as benzene, toluene, xylene, etc.; (6) 
55 aliphatic hydrocarbons such as pentane, hexane, heptane, etc.; and (7) cyclic hydrocarbons 55 
such as cyclohexane, etc. 

As the silver complex salts, there are preferably used alkali-soluble silver complex salts 
having a dissociation constant higher than that oi the organic silver salts, such as a silver 
ammine complex salt, a silver methylamine complex salt, a silver ethylamine complex salt, 
60 etc. 60 
As the solvents for silver salts such as silver nitrate, there can be used polar solvents such 
as dimcthylsulfoxidc, dimethylformamidc, acetonitrilc, etc., in addition to water. 
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surface aclive aeent during preparation of organic silver salts for the purpose of adjusting 
?K rSi^s ze of the organil iilver sahs. Furthermore, organic silver salts may be Pr^Pared 
Ihe Iresence of a polymer. As a special process, it is known to mix a non-aqueous solution 
5 an oreanic carbox^^^^ acid with a non^aqueous solution of a heavy metal salt. e.g.. a 
c frifluorolwtate or tS in the presence of a polymer, to thereby prepare a 

^ heaves salt such as a silver salt of an organic carboxylic acid, as ts described in U.S. 
pS 3 700 S8 U.S Patent 3.748.143 also describes a process for preparing an emulsion 

"a! is SriU"d in"5r"ifgrpSt and in West German Patent OLS 2.322.096. 

m the Irain^aorand grain size of Organic silver salts, and the photographic properties 
hlrfof Sulh fs heat fo" light stability, sensitivity, and the like, can be changed by the 
oresl^ce of a meVal salt fich%s a mercury or lead compound or a metal .co-^P'". 
Srepa^aUon of organic silver salts. As the metal, cobalt manganese, nickel and "ron W 
Ken confirmed t,rbe effective in addition to the above-described mercury and lead These 
meial-contain^ne compounds may be used by mixing a mixed solution or dispersion of a 
Z^t.,? on of a s^^er TaW compound and the mctal-containmg compound 

w^th an aqueous sXion o? a Tiighl^ soluble silver salt such ^ silver nitrate or a silver 
^«irIX« slu filch as a siN^^^^ salt with each other. Further, three compo- 

nents fe a soluiion or disVerSon of the iSetal-containing compound an aqueous solution 
Sra sHver^alt or a Ker complex salt and a solution or dispersion of a silver salt-forrning 20 
orcaKompound may be mixed with each other. Still further, njixing a solution or disper- 
Son of salt-iorming organic compound with a mbced solution or dispersion of the 

Xer Lu or tilver cornplex^salt^and the metal-containing compound is also Preferred The 
Smlm'ofrhlm^tal-coStainingcpm^^^^^^^ 25 



15 



20 



25 



45 



50 



55 



?rrn!oWtr ^rik-rsr^^^^^ lO- mol per , mole of 

'•Th'e'lhus prepared organic silver salt grains are from about 10 to about 0.01 prefer- 
ably from about 5 a* to about 0.1 /i, in length 



10 



15 



nThfsStive silve^^^^^^ (b) i" the present invention can be 

•l^r^.h^nrIrf^ silver brom^^^ iodide, silver chlorobromoiodide. silver chlorob- 30 

rSe XrVoro oSi^^^^ or a mixture thereof. The an^ount thereof 

us^ ranges from about 0.001 mol to about 0.5 mol. preferably from about 0,01 mol to 
about 0 I mol. I mol of the organic silver salt. The light-sensitive s''ye^ h±thro/t£e 
coa«e erain or fine grain, but the letter is preferred. A preferred gram size (length) of the 
35 silver hllfde Ganges from about 1 m to about 0.001 /i. preferably from about 0.5 // to about 35 

A l^eht-sensitive silver halide per se can be prepared according to conventional processes 
known ii the photographic field, such as a single jet process, double jet process, etc^ For 
SamDll there can iTe used a Lippmann emulsion, an ammoniacal emulsion, a thiocyana te- 
An orthioether-ripened emulsion, etc. Silver halide emulsions which are not washed or which 40 
^ have blen washed with water, alcohol or the like to remove soluble salts may be used in the 
Sresemtnvenlion. A light-sensitive silver halide thus previously prepared is mixed with an 
Sxidluon reduction co^nposition ~'«P'!t*"e ^^^'^^'^ '"^ ^ 

rt-tixicine aeent component (c), as described in U.S. Patent 3,15z,»Ufl. 

Howevef it is cl^r that a " pre-prepared" silver halide obtained according to the process 45 
deSribed in U S Patent 3.1 52. 9o5 often does not provide satisfactory light sensitivity due 
fo iSficien^^conract between the silver halide and the organic silver salt, as described in 
n4 Patent 3 457 075. Therefore, various technique have been developed to effect 
sufficien contact between the silver halide and organic silver salt. One technique comprises 

halide eSiijn is decomposed with an enzyme, and then the resulting emulsion is mixed 

Thrsi?ve^^ ha'ide'used'in the present invention may be prepared substantially simultane- 
ously wh the formation of the"^ organic silver salt as described in German fatf ^ Appli- 
60 ?ation OLS No. 2.428. 1 25. if desired. As a specific example, a solution of a silver sa't s"ch 60 
as sHver nitrate or a silver complex salt is mixed with a solution or dispersion of the 
aforesaW organic silver salt-forming compound or a salt thereof contaming a light-scnsitive 
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silver sail such as silver nitrate and a silver conriplex salt, to thereby form light-sensitive 
silver halide simultaneously with the organic silver salt. It is possible to react a light- 
sensitive silver haiide-forming ingredient (to be described hereinafter) with a previously 
prepared organic silver salt solution or dispersion, or to react the same on a sheet material 
5 containing an organic silver salt to thereby form light-sensitive silver halide in part of the 5 
organic silver salt. U.S. Patent 3,457,075 describes that the thus formed silver halide is in 
effective contact with the organic silver salt and gives good results. 

On the other hand, an ingredient capable of forming a light-sensitive silver halide is a 
compound capable of forming silver haUde by acting on the organic silver salt. Such can be 
10 determined bV a simple test ^s follows to see which compounds are effective. That is, the 1® 
silver halide-R:>rming ingredient is reacted with the organic silver salt, and, if desired, after 
heating, it is examined by X-ray diffraction analysis to determine whether the diffraction 
peak characteristic of silver halide exists or not. If the diffraction peak exists, the compound 
can be used. 

15 As specific examples of ingredients capable of forming a light-sensitive silver halide there 15 
arc illustrated the following compounds. 

(1) Inorganic halides: halides represented by, e.g., MXn (wherein M represents H, NH4 
or a metal atom, X represents CI, Br or I, and n represents 1 when M is H or NH-i, or, when 
M is a metal atom, n represents the valence of the metal, where examples of the metal atom 

20 . include Jithium, sodium, potassium, rubidium, cesium, copper, gold, beryllium, magnesium, 20 
calcium, strontium, banum, zinc, cadmium, mercury, aluminum, calcium, strontium, 
barium, zinc, cadmium, mercur)j, aluminum, gallium, indium, lanthanum, ruthenium, thal- 
lium, germanium, tin, lead, antimony, bismuth, chromium, molybdenum, tungsten, man- 
ganese, rhenium, iron, cobalt, nickel, rhodium, palladium, osmium, iridium, platinum, etc.) 

25 (2) Halogen-containing metal complexes: for example, 25 
KiPtCU; K:PtBr6, HAuCU, (NHO^IrCU. (NH4)3lrCU, (NH4)2Rua6, (NH4)3RuCl6, 
(NH4)3RbCU, (NH4)3RhBr6. etc. 

(3) Onium halides: quaternary ammonium halides (e.g., trimethylphenyl ammonium 
bromide, cetylethyldimethyl ammonium bromide, trimethylbenzyl ammonium bromide, 

30 etc.), quaternary phosphonium halides (e.g., tetraethylphosphonium bromide, etc.), tertiary 30 
sulfonium halides (e.g., trimethylsulfonium iodide, etc.), etc., can be added to a coating 
dispersion just prior to coating (for example, a coating dispersion for a light-sensitive layer, 
. a protective layer, an undercoating layer or a back coating layer) for the purpose of reduc- 
ing sensitivity, and, in some cases, background density, as is described in U.S. Patent 

35 3,679,422. Also, as is described in Japanese Patent Publication (OPI) 84443/74, a conduc- 35 
tivc high molecular weight polymer of the onium salt halide series can be used to prepare a 
thermally developable light-sensitive and electrosensitive material. 

(4) Halogenated hydrocarbons: iodoform, bromofofm, carbon tetrabromide, 
2-bromp-2- methylpropane, etc. 

40 (5) N-halogeno compounds: e.g., compounds which are represented by the following 40 
formulae (I) and (II) ' * 

s»0 



< 



(I.) -^.^ « 

and N-halidcs containing an -SO:NX- group (III) (where X is CI or Br), wherein for 
formula (1) and (11), X represents CI, Br or I, Z represents the atomic group necessary to 

50 form a 5- to 7-membered ring which may be further condensed with another ring, A 50 
represents a carbonyl group and Ri and Rj each represents a hydrogen atom, an alkyl 
group, an aryl group or an alkoxy group, as are disclosed in detail in British Patent 
1,498,956. Specific examples thereof include N-chlorosuccinimide, N-bromosuccinimide, 
N-bromo phthalimide, N-bromoacctoamide, N-iodosuccinimide, N-bromo phthalazone, 

55 N-bromo oxazolinone, N-chloro phthalazone, N-bromoaceto anilide, N,N- 55 
dibromobenzene sulfonamide, N-bromo-N- methylbenzcne sulfonamide, 1 ,3-dibromo-4-, 
4-dimcthyIhydantoin, the potassium salt of dibromoisocyanuric acid, trichloro isocyanuric 
acid, etc., as disclosed in British Patent Specifications Nos. 1498729 and 1498956; 
N-halogeno compounds of unsubstituted and substituted benzotriazoles the latter of which 

60 may be substituted with, for example, an alkyl group, most preferably an alkyl group having 60 
from I to 5 carbon atoms, a nitro group, a halogen atom, an imido group and an amino 
group; and N-halogcno compounds of benzimtdazoles. 



lively added to a thermally developable Hgit senshive ^ (d) is added 



especially good results are q^tamea m ,ne -^-^-Z'-^ ,-; J 53^,(5). Tlie 'following 

before or during the P"»^7" ^ireSHhe organic sUver salts: (1) mixfng a solution 
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^rc;iserar;pref«a^,Vu^^ 

I dispersion prepared by **'X,?oTof ^iifeV Soluble silver salt such as silver n.tra te or 
compound with an aqueous solulion f"^ water soiu sjiver-amine complex sa t; (2) 

with an aqueous solution of « °SS,Sns^'^^^^^^^^ or a dispersion of 

simultaneouslv mixing three km ds of sol u^^^^ complex salt and a solution or 

component (d). aqueous soh^t^n of a s.lv^^^^ mixing a solution or a dispersion 

a dispersion of a silver saU-formmg organic c^^^^^ ^ ^ dispersion prepared by 

of a silver salt-forming organic compound witn a mixc complex salt. ^ ^ 

adding component (d) to.a solution of a silver sau or a s»^^ ^^^^^ after the 

Further. Aere is a relatively P«i«'Jf,^,"!^X^^ (d) is added during or before 



10 



15 



^iterSdrimo which component (d) was in advance incorpo^^^^ Applicaifon (OLS) 

Se methods disclosed in^^. Patent 3 76^^^^^^ Patents 1.362.970 and 
2 435 391; U.S. Patents 3,706,565 

?:354:i86: or adding compo"c^^^^^^ .^e Veal tion: In the 
silver halide according to the " "J;^^ silver halide are produced at nearlv the 

case that both component (a) and the light- wnsi^^^^^^ 2.428.125. component (d) is 

same time, as disclosed German Patent Appl^^^^^^ he simultaneous formation of 

incorporated into one of ^^V/n.^ h«fo?e or dur^S rt^^^ <>' «he organic silver salt 

the above-described f o'nP°"^"'l.S Xonvc^^^^^ (a) which has 

and the silver halide. In the method of convcrung some h halide by allowing the 

beSn previously prepared injot^^^ (a), it fs preferred to 

light sensit ve silver halide-forming comjwneni 10 »».^ p i- . j,^.^ conversion 

Sffi component (d) to the (d) to the reactaiit 

S?Si^n" JieS a^ral:nTorTtlua%^ali^t?e&^ is as a hght sensitive 

of a solution. but it .s PO"«ble to add temperature for component (d) has 

dispersing it into an appropriate solvent. ine aM^^^^ ^ ^.^^ j^. ^^^^ 3, the 

no serious influence on the suits of the p^eseminve^^^^ ^^^^ ,^ ^0.^. 

temperature ranging from about 0 C «°a^"»^t^ attained by the addition of component 

present invention. «r ,.cmc the mixinc method wherein an organic silver 

Using pre-prepared silver hahdes or us'nS Krovements in photographic properties 
saU is mixed with a silver halide:fprming reactant^^^^^ S^J^^^ g storage 

such as an enhancement of sensitivity and a reducnon o^nea ^ temperature or at 

ri':™,'oi'iu'S?."^n: fuS^:.-raS». "T-ed'-c 8.8 .g"- or • c.mbin.,»n of 

these compounds. „,,„K;n characteristics can be achieved by applying a 

Similar improvements in Phpjog.'^aph.c characty ca ^^^^^5^ ,3,400 s,,ver 

precipitation technique which is °f;5" ^^^S to "oVm in the presence 5f a portion of a 
halide emulsions wherein silver halide is aMowed to lorm in i^ i^^^^ separator, and then 
binder, the resulting silver salt ?sprec.P' ated b> means of ^ is^carried out. the 

dispersed again into the r/maindey of the binder.^ benzotriazole. tetrazain- 

pre«nce of nitric acid, a ferncyanide.th^yan^^^^^^^ . ^^^^ 3 

denes, mercapto compounds, /^lone compounas 10 , ' hotographic characteristics, 
rhodium salt, and the like can also be added to favoramj^an^^ combination. The amoun 
These silver halide-forming agents "'ay be used alone or m c^^^^ ^^,1 
.hereof used ranges from about O OOl mol to ab^ ^^o^^^ ^^^^ 

to about 0.3 mol. per I mol of the organ csu^^^ ^^^^ ^y^^ l,m„ 

i«,v <,»nsiiivitv often results, while when me amoum^^^^^ coloration in background 
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discussed. Light sensitive complexes consisting of silver and dyes can be employed as a 
photocatalysi as disclosed in, for example, Japanese Patent Publication 25498/74 and . 
Japanese Patent Applications (OPI) 4728/71 and 28221/73, and the combined use of a 
highly light-sensitive organic silver salt and an organic silver salt having low sensitivity is. 
also effective, as is disclosed in Japanese Patent Application (OPI) 8522/75. Further, metal 
salts of diazosulfonate and sulfinic acid salts can also be used as a photocatalyst. In addition, 
phoioconducttve materials such as zinc oxide, titanium oxide, etc., can be used. Silver halide 
IS the most suitable photocatalyst to obtain a highly sensitive thermally developable light 
sensitive material, however. 

Silver halide produced in sUit or pre-formed can be chemically sensitized using a chemical 
sensitizer such as a compound of sulfur, selenium, tellurium, gold, platinum, palladium, etc., 
a reducing agent such as silver, a tin halide, etc., or a combination thereof. Descriptions 
relating to such techniques are given in, e.g., U.S. Patents 1,623,499, 2,399,083, and 
' 3.297,447. : . ; • 

The light-sensitive silver halide emulsions used in the present invention preferably have 
added thereto an anti-fogging stabilizing agent such as a triazolium sail, an azaindene, a 
mercury salt, urazolj sulfocatechol, an oxime, nitron, hitro-indazole, or the like, in order to 
stabilize therri against fogging. Descriptions relevant to this art are given in, e.g., U.S. 
Patents 2,728,663, 2,839.405, 2,566,263. 2,597,915, British Patent 623,448, etc. 

Some optical sensitizing dyes which are effective for gelatino-silver halide emulsions also 
show a sensitizing action for the thermally developable light-sensitive material of the pre- 
sent invention. As effective optical sensitizing dyes, there can be illustrated cyanines, 
mcrocyanines, complex (tri- or tetranuclear cyanines, holopolar cyanines. styryls, 
hcmicyanines, oxonols, hcmioxonols, etc. Of the cyanine dyes, those which possess a basic 
nucleus such as a triazoline nucleus, an oxazoline nucleus, a pyrroline nucleus, a pyridine 
nucleus, an oxazole nucleus, a thiazole nucleus, a selenazole nucleus, an imidazole nucleus, 
etc., are preferred. Such nuclei may be substituted with an alkyi group, an alkylene group, a 
hydroxyalkyi group, a sulfoalkyl group, a carboxyalk^l group, an aminoalkyl group or an 
enamine group capable of forming a fused carbon ring or a heterocyclic ring. As to the 
chemical structure thereof, symmetrical and unsymmetrical dyes can be used. Also, those 
which possess an alkyl group, a phenyl ^roup, an enamine group, or a hetero substituent on 
the meihine chain or polymethine chain thereof may be used. In particular, cyanine dyes 
having a carboxy group are effective for sensitization. Merocyanine dyes may possess on 
acidic nucleus such as a thiohydantoin nucleus, a rhodanine nucleus, an oxazolidinedione 
nucleus, a thiozolidinedione nucleus, a barbituric acid nucleus, a ihiazolinone nucleus, a 
malononitrile nucleus, a pyrazolone nucleus, etc., in addition to the above-described basic 
nuclei. These acidic nuclei'may further be substituted by an alkyl group, an alkylene group, 
a phenyl group, a carboxyalkyl group, a sulfoalkyl group, a hydroxyalkyi group, an alkox- 
yalkyl group, an alkylamine group or a heterocyclic nucleus. In particular, merocyanine 
dyes having an imino group or a carbo.xy group are effective. 

If desired, these dyes may be used as various combinations thereof. Furthermore, superse- 
nsitizing additives which do not absorb visible light such as ascorbic acid derivatives, nzain- 
denes, cadmium salts, organic sulfonic acids, etc., as described in, c.§., U.S. Patents 
2,933.390. 2,937,089, etc., may be used in combination therewith. As particularly effective 
sensitizing dyes for the thermally developable light-sensitive materials of the present inven- 
tion» there can be illustrated merocyanine dyes having a rhodanine nucleus, a thiohydantoin 
nucleus or a 2-ihio-2,4- oxazolidinedione nucleus, as described in U.S. Patent 3,761,279. 
such as 3-^-carboxyphonyl- 5-(^-eihyl-2- (3-benzoxazolylidene) ethylidene]- rhodanine, 
5-((3-y3-carboxycthyl- 2-(3-ihiazolinylideney ethylidene-3- eihy I rhodanine. 
3-carboxymethyl- 5-[(3-methyl thiazolinylidene)- a-eihyl- ethylidene] rhodanine, 

1 - carboxymethyl- 5-[(3-ethyl-2- (3H)-benzoxazolylidene). ethylidene]- 3- 
phcnyl-2-ihiohydantoin, 5-[(3-ethyl-2- benzoxazolylidene)- [I -methyleihylidene]- 3- 
U3-pyrrolin- 1 -yO-propyl] rhodanine, 3-cthyl-5- [(3-ethyl-2- (3H)- benzothiazolylideneV 
isopropylidene]- 2-ihio-2,4- oxazolidinedione, 3-carboxymethyl- 5-[(3-mcihyl-2- (3H)- 
thiazolinylidene) isopropylidene] rhodanine. 3-ethyl-5-[(3- meihyl-2- thiazolinylidene) 
ethylidene] rhodanine, 3-cthyl-5- (l-mcthyl-2-(lH)- pyridylidcne) rhodanine. 3-ethyl-5- 
(3.4-dimethyl- 2(3H)- ihiazolylidene) rhodanine. 1 -carboxymeihyl- 5-(3-ethyl- 

2- benzoxazolylidenc)- 3-phenyl-2- thiohydantoin. l-ethyl-[3- ethyl-2-(3H)- benzox- 
azolidienc) ethylidene]- 3-^i-butyl-2- thiohydantoin, l-meihyl-3- aIlyl-5-[2- (3-ethylbenzo 
oxazolidcnc- (2)-ethylidenel- 2-thiohydantoin, I -carboxymeihyl- 3-(N-meihylbenzo 
ihiazolylindyl)- 4-thia-2- thiohydantoin. 5-[(3- cihyl- 2-(3H)- naphtho -[2,1]- 
oxazolylidenc) ethylidene]- 3-n- hepthyl-2- thiohydantoin. 3- ethyl-5-f(3- cthyl-2-(3H)- 
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benzothiafoHdenOchylidenel -2.thio-2.4- oxazoHdinedione. and merocyanine dyes rep- 
resented by the following formulae: 




CH-CHi S 



^5 



I 



CH-COOH 
L2-CH2-COOH 



4fe 




r 



CH^COON 




II' 

I o 

CK, 



Kpf'-OOIl 



COOH 




.COOH 



CII^-CH-CKj 




The merocyanine dyes effectively used in the present invention are not intended to be 
^ below Howcvef. the invention is not limited to the dyes specifically described below. 
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In addition^ trinuclear merocyanine dyes as described in U. S. Patent 3,719,495, polycydic 
aromatic dyes asdescribed in Belgian Patent 788,695, sensitizinc dyes mainly for silver iodide 
as described in Japanese Patent Publication (OPI) 17719/74, styrylquinoline dyes as 
described in Japanese Patent Publication (OPI) 84637/74, rhodacyanine dyes as described in 
5 West German OLS 2,405,713, acidic dyes (e.g., 2', 7'-dichlorofluorescein dye) as described 5 
iii West German Patents OLS 2.401,982, 2,404,591 and in British Patent 1,417.382, 
merocyanine dyes as described in British Patents 1,469,117 and 1.469,117 and Japanese 
Patent Application (OPI) 156,424/75 may similarly be used. Specific examples of effective 
i merocyanine dyes having a pyrazolone nucleus arc as follows:- 
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_ COOH 

CH 





6 ; 




CH - CH 




GOOK 



Thes. dyes are added in an amount of from about 10- mol to about 1 raol per 1 iiiol of 

oroperty of the organic silver salt used. 
^'TfuLSe''i%b%^'o^t:irt;o%V.S 

LmfnoVhenot V-Pso projylidene amino Phenol 2 4-diamu.o-6.me^^^^^^ 4- 
acvl-aminophenol which contains an acryl Rroup having 2 to 18 ^^^^ " ^. 
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N-(2-hydroxyphenyl)- N'-alkyI urea which contains an alkyi group having 1 to 18 carbon 
atoms, 6-aminophenol sulfonic acid-p)-amide, 6-aniino-pheno] sulfonic acid-(3)- 
dimcthylamide, 2-amino-phenoI sulfonic acid-(4)-amide, 2-benzylidene aminophenol. 
4-r4-hydroxyben2yIidene- amino) phenol, a, a'-bis-(2-hydroxypnenylamino)-p-xyIene, 
5 3-(2-hydroxyphenyl-hydra2ono)-2- oxo*oxolane, 3-(4-hydroxyphenyl- hydrazono)-2- 5 
oxo-oxolane, 4-hydroxyanih*no-methane sulfonic acid, 4-hydroxy-3- melhylanilino- 
methane sulfonic acid, ; aikyl substituted phenols, e.g., p-t-butylphenol, p-t-amylphenoU 
p-cresol, 2,6-di-t-butyI-p-cresol; p-ethylphenol, p-sec-bulylphenol, 2,3-dimethylphenol, 
3,4-xylenol, 2,4-xyIenol, 2,4-di-t-butyl-phenol, 2,r,5-trimelhylphenol, />-nonyIphenol, 
10 p-octylphenol, 2,4,6-tri-t-bulyIphenol, 2,6-di-t-butyI-4- ociylpnenol, 2,6-di-t-butyl-4- 10 
• ethylpnenol, 2,4,6-lri-t-amylpheno!, 2,6-di-t- butylphenol. 2-isopropyl-p-crcsol, 

3- methyl-3- (3-methyl-4- hyaroxyphenyl)- pentane, 2,6-di-t-butyl-4- nonylphenol, 2,4- 
di-t-butyl- 6- nonyl- phenol; aryl substituted phenols, e.g.,/y-phenylphenol, o-phenylphcnol, 
a-phenyl-o-crcsol; othef . phenols, e.g., p-acetophcnol, jp-acetoacetylphenol, 1,4- 

15 dimethoxybenzene, 2,6- dimeihoxyphenol, chloroihymol, 3,5-cfi-t-butyI-4- hydroxybcnzyl- 15 
dimcthylamine, 2,6-di-cvclohexyl-p-cresol, 2,6-di-t-butyl-4- m'ethoxymethylphenol, 

4- methoxyphenol, 2-mclnyl-4- mcthylmercapto-phenol, 2,6-dicyclopentyl-p-cresol, 2- 
t-butyl-6- cyclopentyl-p-crcsol, 2-t-butyl-6- cyclohexyl-p-crcsol, 2,5-dicyclopentyl-p- ere- 
sol, 2,5-dicyclohexyl-p-cresol, 2-cvcIopentyl-4- t-butyl- phenol, 3,5-di-t-butyl-4- hydroxy 

20 benzo phcnone, 3,5-di-t-butyl- 4-nydroxy cinnamic acid, 3,5-di-t-butyl-4- hydroxybenzal- 20 
dchyde, 3,5-di-t-butyI-4- hydroxy cinnamic acid ethyl ester and sulfonamide phenols as 
disclosed in U.S. Patent 3,801,321; poIyvinyl-(2-hydroxy-3- methoxybenzal); hydroxyin- 
danes as disclosed in German Patent Application (OLS) 2.319,080; hydroxycumarones and 
hydroxycumaranes as disclosed in U.S. Patent 3,819,382; and novolak resin reaction pro- 

25 ducts prepared from formaldehyde and phenol derivatives (e.g., 4-methoxyphenol, m-cresol, 25 
or p-t-butylphenol, 2,6-di-t-bulylphenol and mixtures thereoQ. 

(2) Substituted or unsubstituted bis, tris and tetra-kisphenols: o-bisphenols fe.g., 1,1-bis- 
(2-hydroxy-3, 5-dimethyI-phenyI)-3,5,5-trimethylhexane, bis(2-hydroxy-3-t-butyl- 5- 
methyl- phenyl) methane, bis(2-hydroxy-3, S-di-t-butylphenylJ-methane. bis- (2- 
30 hydroxy-3-l- butyI-5- ethylphenyl) methane, 2,6-meihylenebis(2- hydroxy-3- t- butyl-5- 30 
methylphenyl)-4- methyiphenol, 1 ,1 -bis(5-chloro-2- hydroxyphenyl) methane, 2,2'ce 
methylenebis [4-methyI-6- (1 -methylcyclohexyl) phenol], 1 , 1 -bis-(2-hydroxy-3, 

5- dimethyl- phenyl) -2- methylpropane, l,l,5,5-tetrakis-(2-hydroxy-3, 
5-dimethylphen>;l)-2, 4-ethylpentanc, 3,3', 5,5'-telramethyl-6, 6'-dihydroxy-triphenyl 

35 methane, 1 ,l-bis(2-hydroxy-3, 5-di-5-butyI-phenyI)-pentane, 1 ,1 -bis(2-hydroxy-3, 5- 35 
di-t-butylphenyl)-ethane, 1,1 -bis(2-hydroxy-3,5-di-l-butylphenyl)-propane, 1,1 -bis- (2- 
hydroxy-3, 5-di-t-buiylphenyl) butane and 1 ,1 -bis(2-hydroxy- 3,5-di-t-amylphenyl) 
ethane)- l,l-bis(2-hydroxy-3- cycIohexyl-5- t-butylphenyl) methane, 1 ,1 -bis(2-hydroxy-3- 
cyclopentvl-5- t-butyl- phenyl)-2,2-dimethyleihane, bis(2-hydroxy-3- cyclopentyl-5- 

40 methyl- 6-cyclopentylphenyl) sulfide, I , l-bis(2-hydroxy-3- cyclopentyl-5-t-butylphenyl) 40 
butane, 1 ,l-bis(2-hydroxy-3- cyclopentyl-5-l-butyl-phenyl) methane, 1 ,l-bis(2-hydroxy-3, 
5 5-di-cyclopentyl-6- methyl- phenyl) methane, I , l-bis(2-hydroxy-3,6-di-cyclopentyI-5- 

methyl- phenyl) methane, bis(2-hydroxy-3- cycIopentyl-5- t-butylphenyl)-suiride, bis(2- 
hydroxy-3- cycIohexyl-5-t-butylphenyl) sulnde, 1 , 1 -bis(2-hydroxy-3- t-butylphenyl) 

45 meihane, p-cresol-accioaldehyde or formaldehyde-novolak resins, bis(2-hydroxy-3-i- 45 
butyl-5- methyl-phenyl) sulfide, 1 , 1 -bis(2-hydroxy-3, 5-dimeihyIphenyl) methane, 1.1- 
10 bis(2-hydroxy-3, 5-di-t-butylphenyl)-2- methylpropane, 1 ,2-bis(2-hydroxy-3-t- 

bucyldibenzofuryl) ethane, and 3.3', 5.5'- tetra-t-buiyl-6, 6'- dihydroxytriphenyl methane]; 
p-bisphcnols (e.g.* bisphenol A, 4,4'-methylencbis(3-methyl-5- t-butylphenol), 4,4'oe 

50 mcthyIenebis(2.6-di-t-buiyIphenol). 3.3', 5,5'-tetra-t-butyl-4,4'- dihydroxybiphenyl, 4,4'ce 50 
dihydroxybiphcnyl, I , I -bis(4-hydro.xyphcnyI)- cyclohexane, 2,2-bis(3,5-dibromo-4- hyd- 
•5 roxy phenyl) propane, 2,2-bis (3,5-dichloro-4- hydroxyphenyl) propane, 2,2-bis(3,5- 

dimethyI-4- hydroxyphenyl) propane, 2,2-bis(3-methyM- hydroxyphenyl) propane, 
bis(3-methyI-4-. hydroxy-5-l- butylphenyl) sulfide, 2,2-bis(4-hydroxy- 3,5-di-t- 

55 butylphenylthio) propane, 4,4'-butylidcnebis(6-t-butyl- 3-methylphenoI), 4,4'-thiobis 55 
(6-t-butyl-3-methylphenoI), 4,4'-thiobis (6-l-butyl-2-methylphenol), 4,4'oB 
buiylidenebis(6-meihyl-phenoI), 4,4'-bcnzylidene-bis (2-t-butylphenol), 4,4'-ethyIidcnc- 




60 4,4'- (p-bromo-benzylidene)- di-phenol, 4,4'-propylidene-bis (2- phenylphenol), 4,4 i.c 60 
e(hylidcnc-di-(2.6-.\ylenol), 4,4'-hepiyIidcnc- di-(o-*cresoI). 4,4'- ethylidene-bis (2,6-di-i- 
hutylphcnol), 4,4'-(2-buttfnylidcnc)-di-(2,6-xvlenol). 4.4*-f p-mcthylbcnzvIidcneV di-Co- 
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phenol. N. N'-dil4-nyaroxypncn>., u.-^^^^ bis(3.5-di-t-but 

^30.572. and ^(2-q"ir^^«y0-3-methyl-5- py^^^^^^^^ phenylenediamine. NJ;^- 

(4) Phenylenediammes: e.g.. ^-Pr«".y'l'^^^^ 

dimc\hyl-p-phenylcned.am.ne, N N -die^^^^^^^^ N.N-d.elhyl- 
isopropyl-p-phenylcncdianiinc, N.N:-dib^n2y dene p p^^^ 
N'-suiro-meVhyl-p-phenylened,am..ic^^N^^^^^ 

N.N-dimethyl-N'-sulfomethyl-D-phenylene- diaiT^^^^ M.Va-hydroxybenzyHdenc)- 

Nldicthylanfline. N N'-di-suljomethyl-p-phenyl^^^^^^^ > *N'-dieihyl-p- 
N'. N'-diethyl-p-phenylenediamine, N-(3-hy^ 

phenylenediamine. N-(4-hvdroxyben7^yl.dene)-^^^ .rifluoro-acelate. 

5iethyl-3- methyl-p- phenylenediamine N.N^^^^ grSvide color images by using them 

, hydroxycthylpara phenyl enc d.ap^>nc. wh^h disclosed (in ,.U.S,,Paients 

/firr^stind'^? 764:328; ^n^rcan'aS^pVovfde^^^^^^^^^^ in aeeordance with ,he method 

='"('7)'Hyd?a'ides: e.g.. hydroxy substituted fat.y acid arylhydrazides as disclosed m U.S. 

2 308.766; organic hyd/azone com^^^^ , .4-dihydropynd.nes 

as disclosed in U.S. Patent 3,667.93». amino v^^^ p-oxyphenylglycine; 4.4 
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20 



25 




40 



ytphenol group coniaming mono-. Dis- iris- or .^^^^ k are stable to light. 

Teristic of only a slight color change under ''8^ «>Pos";^^,^^,^^ of fatty acids 

The combined "«d.of these pheno .c rcduc^ 

particularly exerts a desirable «»f"V.'M,, liXa "on foF^^^ British Patents Nos. 

Joi S) 2.31,328; and Japanese Patent Application ^^ri^ 5- . 
r479!809 and 1 ,486, 148 _and Wes._ German OLS J:;*34.4 1 an^^^ ^ j 



45 



45 1.479:809 and M8^»^8 ^^VtcSr37"7 Ssl T^ducing agents capable of being deacU^ 
Moreover, as disclosed in U.S. Patent 3.8.i/,oo^. rcuui.ii o .."^ for use m the 

vaicd by light exposure, such as P'«>';;'>„Vof fhU Mnd & 

present invention because a reducing •''Sf f H"! f,,^ a redud is allowed to stand m a 

Hghi when a photographic material con aining sut-h a reducin Ktion. and. therefore a 50 
^ M room after development result.^^^^ 



50 br ght room after-'development resulting in a ^essaiu^n "'j^^^?"^^";'-,^ delude ascorbic 
cessation of color changes. Specific examples of P'^'^^.^'y''';,'^^^"^' aldehyde, 

acid and the deriv.ntives thereof furo.n, benzoin^ j„ O.S. 

rhodisonic tetrahvdroxyqumone. 4.metho^ ana o ^ ^^^j, ^ych a 
Patents 3.827.88^ and 3.756 829. a P"^"!r,^ TsX^^ 

phoiolytic reducing agent in the case "^^.^-'K*^^^^ ,hc reducing agent. 

khtSr^'^n'^Jap^^^^^^ '^-'"^ ^^^"^ 
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wherein R\ R-, and R* each represents an alkyi group constaining one to five carbon 
atoms, a cyclopentyl group or a cyclohexyl group, and R\ R**, R^ and R® each represents a 
10 hydrogen atom, an alkyI group containing one to eight* carbon atoms, an aryl group (e.g., a 75 
henyl group, or a napthtnyl group), a substituted kryl group (e.g., a carboxyphenyl group, a 
alogen substituted phenyl group, an alkoxv substituted pheny] group, a nitro substituted 
phenyl group, etc., as are disclosed in detail in German Patent Application (OLS) 
2,321,328), or an aralkyl group (e.g., a benzyl group, )8 -pheny Icthyl group. 
, 15 ' .(Suitablc.reducing agents are sele'cte^^^ 80 
silver salt(s) used (ingredient (a))7 For exampjeTastrbng^^ 

salts wh|chvare difficult to reduce such asjhe silver salt of benzotrizole, silvert 

behena0ve|^ bnesare suitable for silver salts vyhi^^ comparatively easy' 

tojreduce^such as sifvc^ silver laurate^ etc'rAs the reducing agent for the silver sail of 

20 bcnzbtriazole; there'^re for example^^ pyrazolidones. As the reducing agent for 85 

silver behenate, there are many compounds such as o-bisphenols of the bis(hydroxyphenyl) 
methane scries. Also, as the reducing agent for silver captrate and silver laurate, there are for ' 
example substituted tctrakisphenols, o-bisphenols of the bis- (hydroxyphenyl) alkane series, 
p-bisphenols (e.g., a bisphenol A derivative), p-phenylphenols. Acceptable reducing 

25 agents/organic silver salt combinations can easily be determined by a simple test. For 90 
example, a sample of the reducing agent is mixed with a coating solution containing the 
organic silver salt, and the mixed coatine solution coated on the support. The resulting 
hcat-developable light-sensitive sample is tnen exposed and heated; examination at this stage 
easily permits one skilled in the art to determined optimum combinations. 

30 The amount of the reducing agent used in the present invention varies depending upon the 95 
kind of the organic silver salt or the reducing agent and upon other additives, but, in general, a 
suitable amount ranges from about COS mol to about 10 mols. preferably from about 0.1 to 

about 3 mols, pcr^l mpJLpfjhe^ salt. ^ _^ 

The^aboye-dfesc^^^ reducing agents may be Aised as cornbiha tidh^ of two prlhorg 

35 Ufi^n?^||^Spedfic'lex^^^ reducing ajpiiits^ in cbmbm^ described^ih 100 

Japahcse'iPatent Application (OR 115540/74 andJJ.St^^^ 

As a particularly effective combination of rreducing agents, there are illustrated the combina- 
tion of at least one carboxylic acid ester derived from a phenol having a bulky o-substituent 
and an o- or p-bisphenol, the carboxylic acid ester being the aforesaid ester between a 

40 carboxylic acid derived from a phenol having a bulky o-substituent and a mono- or poly- 105 
hydrtc alcohol or a phenol or the ester between an alcohol derived from a polyhydric phenol 
having a bulky c?-substituent. or from a phenol having a bulky o*subsiituent and a mono- or 
poly-carboxylic acid. This combination enables one to attain a reduction of heat fog, an 
increase in whiteness and a stabilization against light exposure after processing. In addition, 

45 the combined use of two mono- or poly-phenolic reducmg agents having alkyI groups at the no 
two substitution positions adjacent the hydrocy-substituted position of the aromatic nucleus 
is effective for preventing discoloration upon exposure to light. Further, it has been confirmed 
that development can be accelerated by the combined use of a compound of tin, iron, cobalt 
or nickel, for example, a metal salt of a long chain fatly acid, e.g., iron stearate, lead behenate 

50 (such compounds are auxiliary reducing agents), and the reducing agent. The amounts of 115 
these auxiliary reducing agents vary widely depending upon the reducmg power of the main 
reducing agent and the auxiliary reducing agent and the reducibility of .the oxidizing agent 
(the organic silver salt), but, in general, they arc used in an amount of from about 1 0'-^ to about 
1 mol, preferably from 10*' to 0.8 mol, per I mol of the main reducing agent. 

55 A color toning agent can be used together with these reducing agents. The color toning 120 
agent is preferably used for producing images of a dark tone, especially a black tone. The 
color toning agent is most effective when used in a'concentralion ranging from about 0.0001 
mole to about 2 moles, preferably from about 0.0005 mole to about ] mole, per mole of the 
organic silver salt. The choice of an effective toning agent is made according to the organic 

60 silver salt and the reducing agent used. The most commonly used color toning agents include 125 
heterocyclic organic compounds contain* 
ing a -C-N- unit (wherein R represents a hydrogen atom, a 
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orc'fc'rrcd'examplc is the comoinea u»^^ bove-describcd color loninp agents can 



30 



35 



40 



45 



30 



35 



D-toIucne sulfinic aod or the hercoi. citric salicychc acid, alkyl 

greater than 120 ^'^-.^^^^^^^^^^ 45 
fubstituicd benzoic «<^''^^such as p nya > t.^uiylbcnzoic acid ar 
romobcnzoic acul. p-acetoamidc benzoic ac .H / diohenic acid. 5 



of a ihiosulfonic acid and an miidazolc myrisiate. lithium stcaratc. l.ihmm 53 
" Li.hhim salts of higher /atty acid sucl^as 

i-...hen ito lithium palmitate. lithium laur.iit anu effcetivelv precent thermal fog from 
^tabilizir! AS other^xamples of compo^^^^^^^^^ P^^'.^J^l^fn? rs 

x7<;r^s"j^rrac??rL"Sis"™ci^ 

60 reprcsenicd by the following formula; 
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; wherein R' represents a hydrogen atom, a hydroxyl group, an alkoxy group, a halogen atom, 

lower unsubslituted or substituted alkyl groups, a benzyl group, an aryl group, an amino 
group, a nitro group or a nitroso group, and R- represents a hydrogen atom, a hydroxyl group, 
a halogen atom, an amino group, an acctoamide group, an unsubstituted or substituted alkyl 

5 5 group containing from 1 to 22 carbon atoms, a phenyl group or a substituted aryl group, 5 

peroxides and persulfatcs as disclosed in British Patent 1,460,868, disulfides as disclosed m 
Japanese Patent Application (OPI) 42529/76, palladium-containing compounds as disclosed 
in British Patent 1,502,670, such as palladium-acetylacetone complex salt, and so on. 
Particularly preferred antifoggants used together with the component (d) of the present 

iO 10 invention arc thiosulfonic acids, diterepcnic acids, long chain aliphatic carboxylic acids, 10 

hcnzotrizolcs and sulHnic acids. 

It is preferred to add a' compound capable of preventing the color change by light from 
occurring in the processed light sensitive material to the thermally developable light sensitive 
materials, where the color change by light means the phenomenon that unexposed areas of 

i5 IS the processed light sensitive material gradually color when allowed to stand in a bright room. 15 

Specific examples of effective compounds for this purpose include precursors of stabilizing 
agents such as azole thioethers and blocked azoic thiones, as disclosed in U.S. Patent 
3,839,041 ; tctrazolylthio compounds as disclosed in U.S. Patent 3,700,457; and light sensi- 
tive halogen*containing organic oxidants as disclosed in U.S. Patent 3,707,377. In addition, 

20 .20 sulfur is favourable for the prevention of the color change by light. 20 

It is possible to further stabilize the processed light sensitive material to light and heat. As 
examples of methods effective for such stabilization, mention may be made of stabilizing the 
processed sensitive material by applying a mercapto compound-containing solution as dis- 
closed in U.S. Patent 3 ,6 1 7,289; providing a laminate containing a stabilizer on or in the light 

25 25 sensitive material, as disclosed in U.S. Patent 3,997,346; stabilizing with aldhyde com- 25 

pounds; stabilizing or fixing using a thiocyanatc, thiosulfate or triphenyl phospnine; and 
treating the processed sensitive material with benzotriazole, phenylmcrcaptotctrazole, trich- 
loromclaminc, potassium iodide or a solvent such as trtchlene, ethanol, acetone, isopropanol 
or the like. 

30 30 Adding acids or certain N-halogcno compounds to the thermally developable light sensi- 30 

tive materials makes it possible to stabilize the light sensitive materials to light before the 
application of hent, and preheating prior to image-wise exposure can be used to render them 
light-sensitive, asdisclosed in U.S. Patents 3,764,329; 3,802,888 and 3,816,132; and Japan- 
ese Patent Applications (Laid-Open) 89720/73, 10039/74 and 912 J 4/74. Further, sensitivity 

35 35 and contrast can be altered by heating prior to the image-wise exposure, as disclosed in, for 35 

example. Japanese Patent Application (Laid-Open) 43630/73. 

The thermally developable light sensitive materials of the present invention can contain an 
antistatic layer or a conductive layer, if desired. Halogenides, water soluble salts such as 
nitrates, ionic polymers as disclosed in U.S. Patents 2,861 ,t)56 and 3,206,312; or insoluble 

•10 40 inorganic salts asdisclosed in U.S. Paieat 3,428,45 1 can be additionally incorporated in these 40 

layers. Furthermore, a thin metallic layer prepared by evaporation may be present. 

In the thermally developable light sensitive material employed in the practice of the 
present invention, antihnlation substances or antihalation dyes can be optionally incorpo- 
rated. Heat dccolorizabic dyes arc preferred as antihalation agents. For example, such dyes as 

45 45 are disclosed in U.S. Patents 3,769,019 and 3,745.009; and Japane.se Patent Publication 45 

4332 1/74 arc preferably used in the present invention. In addition, the ihermally developable 
light sensitive materials of the present invention can contain filler dyes and light-absorbing 
'iubstances ns disclosed in, for example, U.S. Patents 3.253,921; 2,527,583; 2,956,879 and 
2,274,782. The thermally developable light sensitive, materials of the present invention can 

50 50 optionally contain matting agents such as calcium carbonare, starch, titanium dioxide, zinc 50 

oxide, .sihca, dextrin, barium sulfate, alumina, kaolin, clay, diaiomaceous earth and so on. 

Fluorescent whiteness-increasing agents such a.s stilbencs. iriazones, oxazoles, coumarin 
and so on as disclosed in, for example. German Patents 972.067 and 1,150,274; French 
Patent 1 .530,244 ; and U.S. Patents 2,933,390 and 3.406.070 may also be used in the present 

55 55 invention. These fluorescent whiteness-increasing agents are used as an aqueous solution or a 55 

dispersion. 

The thermally developable light sensitive materials of the present invention can further 
contain pkisticizers and lubricants. As examples of preferred plasticizers or lubricants, 
mention may be made of glycerin, diols.polyhydric alcohols as discIo.«;ed in. fore.vample, U.S. 
60 50 Paicni 2,960.404; fatty acids and esters thereof as disclosed in, for example. U.S. Patents 60 

2.5«.S.765 nnd 3,121.060; and silicone resins as disclosed in, for example, British Patent 
955,061. Siirf:?ce active agents, for example, saponin and alkvl arvl sulfonates .is disclosed in. 
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inio the thermally developable light sensitive matenals of the present invention. 

Certain layers of the thermally developable light sensitive elements, lor example, a light- 
sensitive layer, which undergo a hardening treatment, can be hardened using various organic 
and inorganic hardeners in the practice of the present invention Hardening agents can be 
used either singly or in combination. Preferred examples of hardeners include aldehydes, 
blocked aldehydes, ketones, carboxylic acids and carbonate derivatives, sulfonate esters, 
sulfonyl halides. vinylsulfonyl esters, active halogeno compounds cpoxy compounds, 
aziridenes, active olefins, isocyanates, carbodiimides, polymeric hardeners such as dial- 

**^Fu?ther'^ariots*addl°iv'es can be added to increase image density. For example, com- 
pounds containing -CO-, -SO- or -SOi- groups as disclosed_in. for e.v.-»mple U.S. Patent 
3 667 959- arid non-aqueous organic polar solvents such as tetiahydrothiophene-1, 
lldioxide. 4-hydroxybutanonic lactone and methylsulfinyl methane are suitable for this 
purpose, kesidcs. these, afcetates of zinc, cadmium and copper as disclosed in U.S. Patent 
3 709 304 drc effective. 

'Further compounds which change into alkaline compounds on healing such as the com- 
Dounds containing water of crystallization as disclosed in U.S. Patents 3.635,719 and 
3 53r^85- fiuanidinium salts, acidic salts of amines and metal oxides or hydroxides are 
effective for accelerating development. For the purpose of increasing the developing speed, 
moisture-releasing agents can be optionally added. Moisture-relea^ing agents mclude not 
onlv the above-described compounds containing water of crystallization and metal hydrox- 
ides * but also ureas, caprolactam, p-nilroethanol, /3-cyanoethanol, glycol, polyethylene 
elvcoL clycerol. sorbitol, and mono- or oligo-saccharides. . . , . ^ 

Besicfes the above-described additives, the combination of a polyalkylene glycol and 
mercaptotetrazole can also be employed to improve sensitivity, contrast and image density. 
Moreover, leuco-dye compounds as disclosed in British Patent 1 ,44 1 ,377 can be employed to 
further improve the green shelf life. ^ i. j .- . r^. j u 

Further it is possible to increase the whiteness by blueing by the addition of blue dyes such 
as Victoria Blue to result in an improvement of the residual color produced by the dyes. 

In the thermally developable light sensitive materials of the present invention, a subbing 
layer may be provided between the support and the heat developable light sensitive layer(s) 

^^Polvmer^add^ a behenic acid unit, a palmitic acid unit, a lauric acid unit, a rosin 

unit, a diterpenic acid unit, a polyacrylic acid unit, a maleic acid unit or an acrylic acid unit, 
beniotriazoles, mercaptoazoles, metal salts Of fatty acids such as lithium laurate, hthium 
behenaie etc.. and so on can be incorporated into the subbing layer to improve photographic 
characteristics such as the color change by light and thermal fog. Further, it is possible to 
prevent the emulsion from permeating into the support and to increase resolution by 
incorporating matting agents such as clay, kaolin starch, barium sulfate, alumina, sihca, 
titanium dioxide, zinc oxide and the like into the subbing layer. Also, a conductive metal layer 
produced by an electrolytic process may be used as a subbing layer. 

Moreover, a polymer layer is preferably provided on the back side of a paper support to 
increase moisture resistance, to protect the support from curling, to facilitate note making 
and to prevent color toning agents or sublimating compounds from iransfering from 
emulsion layers or the like. Polymers employed for the back layer include gelatin, polyvinyl 
alcohol polyvinyl pyrrolidone, cellulose acetate butyrate, acrylate copolymers, polyainide 
resins coumaron-indene resins, cellulose diacetate, ethyl cellulose, the above -descnbed 
polymers employed for the subbing layer and binders for emulsions as described hereinafter. 
This back polymer layer can additionally contain the above -described color toning agent and 
reducing agenis. dyes and other additives. Further, thermally developable light sensitive 
matenals which have a back layer containing a heat transferable dye can be employed as a 
thermally transfer material. As to these thermally transfer materials, descriptions are given in 
patents such ns U.S. Patent 3.767.394 and Japanese Patent Application (Laid-Open) 

^^A^polymer final coat can optionally be provided on a light sensitive layer to increase the 
transparency of a thermally developable light sensitive layer, increase image density, and 
improve upon the green shelf life, as disclosed in Japanese Patent Applications (Laid-Open) 
6917/74 and 128726/74. Japanese Patent Application (OPI) 46316/75, Belgian Patent 
798 367; and U.S. Patents 3.856.526 and 3.856.527. A polymer final layer coated in a 
thickness ranging from about 1 micron to about 20 microns is most suitable for use. Suitable 
polymers for the polymer layer include polyvinyl chloride, polyvinyl acetate, vinyl chloride- 
vinyl acetate copolvmcrs, polystyrene, polymethylmethacrylate, mcthylcellulose, ethylccl- 
' - .11, -^.-otrttt* nnlvvinvlidcnc chloride, cellulose prop- 
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polymer latex, e.g., 2-acetoaccloxy- eihylmcthacrylaie, and carboxy-polyesters. 

Ii is possible lo make notes with sampt-ink. cinnabar seal ink, ballpoint ink or a pencil on a 
polymer final coat by incorporating therein a carrier such as titanium dioxide, kaolin, zmc 
oxide, silica, alumina, poljfsaccha rides such as starch, and the like. In addition, the polymer 
final coal can contain antihalation dyes, filler dyes, ultraviolet-ray absorbing agents, acid 
stabilizers such as higher fatty acids and color toning agents such as phthalazinone. 
• Each component employed in the present invention is preferably dispersed into at least i»ne 
colloid which can be used as a binder. Most well-suited binders are, in general, hydrophofMC 
ones, but hydrophilic binders may also be used. These binders are transparent or transluccoi, 
md include, for example, gelatin, proteins such as gcUuin derivatives, cellulose derivativ .s, 
lolysaccharides such as dextran, natural substances such as gum arabic, latex-like vir.yl 




^ vepolym..rs 

include water-insoluble polymers containing as a monomer unit alkyl acrylates, alkyi meth.,. - 
rylates, acrylic acid, sulfoalkyl acrylates, sulfoalkyi methacrylatcs, or the like, and polym» rs 
containing a repeating sulfobctaine unit as disclosed in Canadian Patent 774,054. Additional 
suitable macromolecular compounds and resins for use as a binder include polyvinyl butyrnl, 
polyacryla.mide, cellulose acetate butyrate, cellulose, acetate propionate, polymethsl- 
methacrylatc, polyvinyl pyrrOlidone, polystyrene, ethylcellulpse, jpolyyiriyi chloride, chlori- 
nated rubber, polysiobiitylene, buiadiene-styirchc cdpolym chloride-viriyi acei:<te 
copolymers, vinyl chloride-vinyl acetate-malcic acid terpolymers, polyvinyl alcohol, 
polyvinyl acetate, benzyl cellulose, cellulose acetate, cellulose propionate, cellulose acciatc 
phthalate, polyvinyl formal, polyvinyl pyridine, poly'vinylidenc chloride, methyl vinyl 
ether-maleic anhydride copolymers, polyvmyl acrylamide, cellulose nitrate, butylcellulose, 
cartioxymethylccllulosc, hydroxyethylcellulose, nitrocellulose, polyethylene, polyethylene 
glycol, polyethylene oxide, polyacrylatcs, polysulfoalkylacrylatcs, polysulfoalkylmeihacr>'- 
late.s, polyamides, tcrpene resins, alginic acid and the derivatives thereof, onium halt Je series 
conductive polymers and phenol resins. Of these polymers, particularly preferred polymers 
are polyvinyl bulyral. polyvinyl acetate, ethyl-cellulose, polymethylmethacrylate, cellulose 
acetate butyrate, gelatin and polyvinyl alcohol. These polymers may be used in combinatii»n, 
if desired. A preferred weight ratio of the amount of the binder to that of component (a), the 
organic silver salt(s), ranges from about 10:1 to about 1:10, particularly preferably about 4; I 
to 1:4. 

.\ lithographic plate can also be made by using a special liinder as disclosed in Japanese 
Patent Application (Laid-Open) 4659/72 and U.S. Patent 3,679,414. Also, a lithographic 
plate can be made by taking advantage of a special layer structure as is disclosed in U.S. 
Patent 3,81 1,886. 

Further, the method disclosed in U.S. Patent 3,767,394 and Japanese Patent Application 
(Laid-Open) 103639/74 applied to the present light sen.sitive system enables the system to be 
employed as a thermal transfer sheet. - 

Layers containing each of the components employed in the thermally developable light 
sensitive materials of the present invention, and other layers, may be coaled on a support 
selected from a wide variety of materials. These supports may have any shape. However, 
film-, sheet-, roll- and ribbon -like shapes, commonly preferred as flexible supports, are 
advantageous on handling as an information recording material. 

Materials useful as the support include plastic film, sheet, glass, wool, cotton cloth, paper 
and metals such as aluminum. As plastic films, cellulose acetate film, polyester films, e.g., 
polyethylene terephlhalate film, polyamide film, polyimide film, tri<ncetate film, polycarbo- 
nate film, orientated polyethylene tclephihalale film, cellulose nitrate film, cellulose ester 
film, polyvinyl acetal film, polystyrene film, polyethylene lerephthalaie film colored by 
titanium dioxide or the like, heat decolorizable dye-containing films, polyester films having a 
hydrophilic surface prepared by dispersing silica or ihe like and a partially hydrolyzcd vinyl 
chloride -vinyl acetate copolymer, and polyethylene terephlhalate film on which a gelatin 
subbing layer is provided can be employed. E.\amplcs of paper supports include not only 
generally used paper, but also photographic raw paper, printing paper such as coated paper 
and art paper, baryta paper, resin-coated paper, water-proof paper, paper having received a 
sizing ircatnicnt using a polysaccharide or the like as disclo.scd in Belgian Patent 784,615; 
partially acetylatcd paper, pigmented paper containing titanium dioxide or the like,a-olefin 
polymer (e.g.. pol^^-eihylene, polypropylene, eihylenc-buiene conolymor^, etc.) coated paper, 
p:ipcr having received a preliminary* treatment with polyvinyl alcohol or a metallic thin lil'n, 
film or paper endowed with conductivity by having received a carbon trea-ment, gelatin 
^:n»?»!>*co Uf*d oancr. 'ilas-tine oancr. kent oar»::r. ma*** nv^ rlnv .:i»:it-'*:| ».v.oer. o*' >cr havin-: a 
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so on. 

Besides the above, an aluminium plate under-coated with polyacryIamide» an aluminium 
plate having received a treatment with a hydrophilic silicate, and a support containing as a 
subbing layer a conductive metal layer can be also used. 
5 Patterns can be optionally engraved on either the upper layer or the back layer of the 5 
support. Engraving of this kind is required for making a post car or a commutation ticket. 

The above-described various kinds of layers are generally provided on one of the aforesaid 
supports, but some components can be incorporated into the the support itself. Incorporation 
of some, components into a support such as a plastic film, glass or metal film is, of course, 
10 accompanied with many difficulties in permittmg the components to efficiently exert their 10 
intended effect. However, the incorporation of some components into a paper support 
permits the components to exert their effect to the same extent as the incorporation of them 
into any layer provided on a support. 

An anti-foggani, a toning-agent and an anti-halation-agent are examples of materials 
15 which may be incorporated into the support. In the present invention, an organic silver salt, a 15 
photocatalyst and, optionalljj, d sensitizing dye can be incorporated in the same layer (i.e., this 
layer is called a photosensitive layer) if desired). 

Other ingredients of the present invention (such as a reducing agent, a toning agent, an 
anti-foggtng agent and an ultraviolet absorbing agent, etc.) can be incorporated in the above 
20 photosensitive layer, or another layer on the support such as the subbing layer or a protective 20 
layer, if desired. 

In the present invention, it is most preferred to incorporate an organic silver salt, a 
photocatalyst, a reducing agent, a toning agent, an antifoggant and a binder in one layer on 
the support. 

25 The light sensitive composition is coated on a support at the coverage ranging from about 25 
0.2 g to about 3 g, preferably from about 0.3 g to about 2 g, in terms of silver content in both 
the organic silver salt and the silver halide, per square meter of support. When the coating 
amount is less than the aforesaid lower limit, the maximum density of the resulting image 
becomes too loaw, while there is a tendency for the maximum density of the image to be 
30 saturated in the range more than the upper limit. Therefore, an excess amount of coating^over 30 
the aforesaid upper limit increases the cost of the product. 

One preparation method for thermally developable light sensitive materials which can be 
employed in the present invention is roughly illustrated below. Namely, the organic silver 
salt-forming agent is allowed to react with a silver ion-donating agent (e.g., silver nitrate) 
35 according to one of the previously-described various methods to result in tlie production of 35 
the organic silver salt. It is preferred to add component (d) in the course of or prior to the 
organic silver salt-producing process. The preparation procedure is usually carried out at 
atmospheric pressure and at an approoriate temperature ranging from -50*C to +80*C 
particularly from about 20*C to about eO^C. The resulting organic silver salt is washed with 
40 water, an alcohol or the like, and then dispersed into a binder for emulsion formation by 40 
means of a colloid mill, a mixer, a ball mill or the like. The dispersion is usually carried out at 
ordinary temperature ( 1 5**C to 25*C). A silver halide-forming agent is then added to the thus 
obtained polymer dispersion of the silversalt to convert some portion of the organic silver salt 
into the corresponding silver halide. An approximate reaction temperature is in the range of 
45 ordinary temperature to 80**C, and a proper reaction time can be arbitrarily chosen in the 45 
range of from about 1 minute to about 48 hours. As earlier described, a previously prepared 
silver halide may be added to the aforesaid dispersion, or an organic silver salt and silver 
halide can be produced at the same time. It is preferred to add component (d) in the course of 
or prior to the silver salt-forming process. Various additives such as sensitizing dyes, reducing 
50 agents, color toning agents and so on are then added, preferably in the form of a solution, in 50 
the order of description. At this time, component (d) may be also added. Usually, the 
components are added in turn with stirring at a temperature ranging from ordinary tempera- 
ture to 50**C at an appropriate time interval (usually 5 to 20 minutes). The thus prepared 
coating solution is coated on a proper support without drying. In order to provide a final coat 
55 polymer layer, a subbing layer, a back layer and other layers, the respective coating solutions 55 
arc prepared in a manner similar to the above, and arc coated in turn by dipping air-knife 
coating, curtain coating or hopper coaling. Two or more layers may be optionally coated 
simultaneously according to a method as disclosed in U.S. Patent 2.761,791 and British 
Patent 837,095. 



60 



If desired, printing can be carried out on the surface or the back of the support, or a layer 
provided on the support, to produce a commuter or like ticket, a post card or other writings 

The thus prepared heat developable light sensitive material is cut lo an appropriate size if 
necessary, and jhen subjected to image-wise exposure. The resulting material can be option- 
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copying which is chiefly employed for the exposure of diazo hght sensitive materia!-, a 
mercury lamp, a xenon lamp, a CRT-lighl source, a laser and soon. As an original, not ^ nly 
can line image such as a drafting be used but also photographic images with gradaimn, 
portraits and scenic images taken with a camera can be used. 

5 The printing techniques applicable to the present invention include contact prinwng 5 
wherein the original is closely superposed on the sensitive material, reflection printing ^;^d 
enlargement prmting. The exposure amount depends upon the sensitivity of the sensr^ve 
material obtamed. As a guide, about a 10 Uix.second exposure amount is required for bA^^h 
sensitivity materials, while about a K)-* lux.sccond exposure amount is required for cfw 

IQ sensitivity materials. IQ 
The thus image-wise exposed sensitive material can be developed merely by heating (up \o 
about 80**C to about 180*C, preferably up to about lOC'C to about I50**C). The heas'nc^ 



45 




15 aDout .-d to about JO seconds heatmg is required at IJO^'C, and about 1 to about 10 second V IS 
heating is required at 140**C. 

A wide variety of means can be used for heating the sensitive material. For example, the 
sensitive material may be allowed to come into contact with a simple heated plate or with a 
heated drum. According to circumstances^ the sensitive material may be allowed to pass 

20 through a healed space. In addition, it maybe heated by using high frequency waves or a laser 20 
beam. The odor generated on heating can be masked by using a processing machine equipped 
with a deodorant. Perfumes can be incorporated in the sensitive material so as to mask the 
odor generated from the sensitive material on heating, as disclosed in Japanese Patent 
Application (OPI) 10925/76. 

25 The thermally developable light sensitive materials prepared in the present invention have. 25 




.... L- ^ — packed together 

with a dessicant when shipped as a commodity, as disclosed in Japanese Patent Application 
(Laid-Open) 2523/75. 

30 In accordance with a preferred embodiment of the present invention, thermally develop- 30 
able light sensitive matertalsof excellent green shelf life cxhihitina a high degree of whiteness 
and high sensitivity are provided. " 

. The present invention will now be illustrated in greater detail by the following examt^les 

EXAMPLE J " * * 

35 1. 9 g of sodium hydroxide was dissolved in 1 00 ml of water. This water solution was mixed 35 
with a solution prepared by dissolving 12 g of lauric acid into 100 ml of toluene to form an 
• emulsion (at 25^*0. An aqueous solution of 8..S gof silver nitrate dissolved in 50 ml of water 
and an aqueous solution of 0.3 g of (NH4):Ce(N03)* dissolved in 25 ml of water were 
simultaneously added to the emulsion at 2rC. The addition rare of both solutions was 
40 adjusted so as to be the .same. At the conclusion of dropwise addition of the aqueous solution 40 
of silver nitrate, the emulsion separated into an aqueous pha.se and a toluene phase containing 
Sliver laurate. After removal of the aqueous phase, precipitates (cerium-ion-containing silver 
. laurate) vvere collected from the toluene phase by centrifuging. 

The precipitate was dispersed into a polymer solution, which was produced bv adding 23 5 
g i)f polyvmyl buiyral (polymerisation value 1000) to 160 ml of i.sopropanol by means of a 
homogcnizer to prepare a polymer dispersion of the silver salt (wherein about 1. '>0 mole of 
silver laiiraic xvas contained). An SO g portion of the polymer dispersion uf the silver salt was 
kept at .-iO C, and 16 cc of I.I wt% of an N-bromoaceiamide solution in aceione was adc'ed 
thereto with stirring, and rhe reaction 5y.Stcm alhiwed to stand for 60 minute.s while heatino 
50 was continued to maintain it at 50*C- ^ 5q 

Aftt-r chill-setting the resultant dispersion at 30'C. the following components were added 
in their order of description every 5 minutes to the resultant dispersion as the stirrin*' was 
continued. * 
COMPOiWEi\rS 

55 (a) Sensitising Dye (mcrocyanine dye having the following formula) 55 
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(0.025 wt% 2-methoxyethanol solution) 10 ml 

[Other merocyanme dyes, other cyanine dyes and acidic dyes instead of this dye can be used 
in a similar manner.] 



(b) Antifoggant 

Sodium thiobenzene sulfonate (0.02 wt % methanol sulution) 24 ml 

(c) Antifoggant 

Rosin (oxidation value 162;Staybelite Rosin, produced by Hercules 
Powder, Inc.) 

(1 0% wt% etnanol suliton) 8 m| 



(d) Antifoggant 

Benzotriazole, ..... . ; < : 

(0.15 wt% methanol solution) 12 ml 

(e) Color Toning Agent 
Phthalazone 

(3 wt% methanol solution) 32 ml 

(Q Reducing Agent 




5 (24% wt% acetone solution) 40 ml 

The thus prepared coating dispersion was coated on art paper at a coverage of 0.4 g of silver 
per square meter. Thermally developable light sensitive material A was thus obtained. 
For purposes of comparison, thermally developable light sensitive material B was prepared 
in ^^^^ manner as the sensitive material A except that the addition of (NH4)2CefN03)6 

was omitted. \ j \ / 



The thus produced heat developable light sensitive materials A and B were eL_ ^ 
tungsten hghi through a wedge (3 x lO^lux.sec.) and developed by heating at 140^0: for 8 
-^conds. They were then subjected to sensitometry. Identical samoles of them 



;ach exposed to 



seconds. They were then subjected to sensitometry. Identical samples of thermally develop 
able light sensitive materials A and B were allowed to stand for 7 days at 35**C in an 
atmosphere containine moisture at a relative humidity of 80% and then subjected to sen- 
sitometry as above. The results arc shown in Table 1. 
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Sensitive Material 

Sensitivity* 

Fog 

Dmax 

A D** 



Table 3 

D 

330 
0.14 
1.13 
0.05 



B(Coni'jrison) 

10. 5 
i8 

) .14 

o 15 10 



*The relacivc value obtained when the sensitivity of sensitive material B is set as 
* * The value obtained by.substracting the fog value observed just after heat development was 
15 . completed from the fog value observed after the overall exposure to a fluorescent Jomp. ^5 
As is apparent from the results in Table 3, sensitive material D shows a more improved 
sensitivity and color change by light. 

EXAMPLE 4 

Thermally developable light sensitive material E was prepared in the' same manner as 
20 sensitive material A in Example 1 except that 20 mg of Ce(N03)3.6H20 was added instead of 20 
(NH4)2Ce(N03)'». Sensitive material B (employed for comparison) and the sensitive material 
E were compared following processing as in Example 3 and under the same conditions as in 
Example 3. 

Regarding the degree of whiteness after the overall exposure, sensitive material E was 
25 more excellent. The results of testing are shown in Table 4. 25 



30 



35 



Sensitive Material 

Sensitivity 

Fog 

Dmax 



Table 4 

E 
280 
0.15 
1.15 
0.07 



B (Comparison) 30 
100 
0.18 
1.41 
0.15 



35 



10 



15 



As is apparent from the results in Table 4, sensitive material E has improved sensitivity and 
40- color change by light. 40 

EXAMPLE 5 

Thermally developable light sensitive material F was prepared in the same manner as 
sensitive material A in Example 1 except that 12 g of stearic acid was used instead of Inuric 
ncid. 20 ml of 20 w:9r ncetime solution of the reducing agent having the following formula 




C(CH,) 



3'3 



was added in.stcad of reducing agent (f) having the following formula 



o 
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Table 1 



10 



15 



Fresh 



35°C. 80% 
After 7 Days 





Sensitive 




Material 




A 


Sensitivity* 


103 


Fog 


0.17 


Dmax 


1.45 


Sensitivity* . . . 


107 


Fog 


0.20 


Dmax 


1.35 



Soisitive 
Material 
B 

too 

0.18 
1.41 

. 120 
0.80 
1.33 
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15 



20 



25 



30 



35 



40 



45 



50 



55 



•The reciprocal of the exposure amount required to provide a density of fog + 0.1. and the 
relative vSlue obtained when the sensitivity of sensitive "".ater'a' B is set as loa 

As is apparent from the results in Table 1 . sensitive material A of the present invention had 
an excellent green shelf life. EXAMPLE 2 

Thermally developable light sensitive material C was prepared in the same as 
sensitive material A in Example 1 except that 0.2 g of Ce(S04)2 wa^^^ 
(NH4)2Ce(NO»)». Development and sensitometory were carried out under the same conai 
tions as in Example 1. The results are shown in Table 2. 



Table 2 



20 



25 



30 



Fresh 



35°C,80% 
After 7 Days 



Sensitive Material 

Sensitivity 
• Fog 
Dmax 

Sensitivity 

Fog 

Dmax 



95 
0.18 
1.35 

99 
0.25 
1.30 



B 

(Comparison) 

100 
0.18 
1.41 



120 
0.80 
1.33 



As is apparent from the results shown in Table 2, sensitive material C of the present 
invention had an excellent green shelf life. 

EXAMPLE 3 

Thermally developable light sensitive material D was prepared in the same manner as 
sensitive material A in Example 1 except that 24 fng of CeBrj.5HsO was added instead of 
(NH4);Cc(NO))6. Sensitive material B (for comparison) and sensitive material D were each 
developed and subjected to sensitorhetry under the same conditions as in Example 1. 

Developed materials B and D were each exposed to a fluorescent lamp (10,000 lux. 10 
hours) over the whole surface thereof. Then, the increase in background density (image-free 
areas) was examined. With respect to the degree of whiteness after overall exposure, sensitive 
material D was more excellent than sensitive material B. 
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and stencil paper for a pressure sensitive sheet on which polyvinyl alcohol was under-coated 
was used instead of art paper. 

For the purpose of comparison, thermally developable light sensitive material G was 
prepared in the sa'me manner as sensitive material F except that* (NH4).'Ce(NO.i)'% was not 
added. ^ 5 

Each of the sensitive materials Fand G was subjected to development aftd subjected to 
scnsitometry under the same conditions as in Example 1. The results are shown in Table 5. 



Table 5 



Sensitive Materia! 


F 


C 




Sensitivity 


103 


100 


Fresh ' ' 


Fog 


0.17 


0.20 




Dmax 


1.30 


1.25 




Sensitivity 


100 


95 


35°C, 80% 


Fog 


0.23 


0.75 


After 7 Days 


Dmax 


1.27 


1.20 



10 



15 



20 



25 



As is apparent from the results shown in Table 5, sensitive material F of the present 
invention had an excellent green shelf life. 

EXAMPLE 6 

Thermally developable light sensitive material H was prepared in the same manner as 
sensitive material B except that a solution prepared by dissolving lOmgofCeBrj- 5H:Oin 10 
ml of methanol was added prior to the addition of N-bromoamide. 

Sensitive material B (employed for comparison) and sensitive material H were exposed, 
.developed and tested as in Example 3. The resuUs are shown in Table 6. 



Table 6 

Sensitive Material H B (Comparison) 

Sensitivity 230 100 

Fog 0.15 , 0.18 

Dmax 1.20 ].41 

0.08 0.15 

Wiih respect to Ihe degree of whiteness after ovall exposure, sensitive material H was more 
excellent. 

EXAMPLE 7 

Thermally developable light sensitive maierini I was prepared in the same manner as 
sensitive material H in Example 6 except ihni 10 mgof CcfCH^COCHCOCH?)^ was added 
instead of CeBr.v5H:0. 

The results obtained after processing and testing as in Example 3 are shown in Table 7. 

Table 7 

Sensitive Material I B (Comparison) 

Sensitivity !05 JOO 



35 



40 



45 



50 



55 



Fog • 0.17 0.18 

Dmax 1.25 |.4i 

•-n 0,08 0.15 60 
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EXAMPLE 8 

Thermally developable light sensitive material J. ^a^prepared in the same man ner ^ 
sensitive material B in Example 1 except that a solution of 0.1 gof (NH^^iCemOO*^^ 15 ml 
of methanol was added before the addition of color toning agent (e) (Ph'^alazone) 

The results obtained after processing and testing as in Example 1 are shown in Table 8. 









Table 8 




10 


Sensitive Material 


C 


B (Comparison) 






Sensitivity 


98 


100 




:. Fresh 


Fog 


0.18 


0.18 


15 




Dmax 


1.35 


1.41 






Sensitivity 


103 


120 




35^C, 80% 


Fog 


0.45 


0.80 


20 


After 7 Days 


Dmax 


1.30 


1.33 



15 



20 



According to the above, it is apparent that fog due to storage under high temperature and 
high humidity conditions can be prevented by the use of ammonium eerie nitrate. 
25 Furthermore, from Table 1 and Table 8, it is apparent that the fog preventing effect was 25 
advantageous when ammonium eerie nitrate was used in the formation of the silver laurate. 

WHAT WE CLAIM IS:^ 

1 . A thermally developable light-sensitive material which comprises in a support or in at 
least one layer provided on a support: 

30 i^} ^" organic silver salt; 30 

(b) a photocatalyst which catalyses the reaction of an organic silver salt with a reducing 
agent to form a silver image and 

(c) a reducing agent selected from substituted phenols; optionally substituted bis, tris and 
tetrakisphenols; 3-p)yrazolidones pyrazolines and pyrazolones; phenylenediamines; hydrox- 

33 yamines; hydroxamintc acids; hycfrazides; indane-1 , 3>diones, amidoximes, substituted hyd- 35 
ropyridines. organic hydrazone compounds, hydrazines, amino-9, 10-dihydroacridines, 
1,4-dihydropyridines, acetoacetonitriles, p-oxyphenyl^lycine, 4,4'-diaminodiphenyl, 4,4'ob 
dimethylammodiphenyl and 4,4', 4"-diethyl amino triphenyl methane, said support or at 
least one layer of said layers further containing (d) at least one trivalent or tetravaient cerium 

40 compound. 40 

2. A material as claimed in Claim 1 , wherein said cerium compound is represented by the 
following general formula (I) or (II): 

CeiXm.xHsO (I) 
MnCepXq.yHiO (II) 

45 wherein C represents a trivalent or tetravaient cerium atom; X represents an anion; I ,m,n,p 45 
and q each represents an integer necessary to render the compound neutral, x and y each 
represents an integer of 0 to 16 and M represents a cation. 

3. A material as claimed in Claim 2, wherein X is a nitrate ion, a hydroxide ion, a nilro 
ion, a sulfate ion, an oxygen ion, a titanate ion, an acetate ion, an acetyl acetonate ion, a 

50 carbonate ion, a halogen ion, a perchlorate ion, a phosphorate ion or a long chain aliphatic 50 
carboxylic group. 

4. A materia] as claimed in Claim 2 or 3, wherein M is a hydrogen ion, an alkali metal ion 
or an onium group. 

5. A material as claimed in Claim 1 wherein the cerium compound is selected from 

55 Cc(OH)j, Ce(OH)4. Ce02, CesOa, LiaCeOb. NasCeOj. KCeOi, KiCeOs, CeN, Ce(N03)j, 55 
Ce(N03)j.6H20, Ce(N03)3.5H:0, Ce(N03)3.4H2O. Ce(N03)4.5H20. CeOH(N03)3a-H/o 
(jc = 0 and/or 3), KCe(N03)..H:0. K:Ce(N03)5, K2Ce(N03)6, RbCefNOj)-. H2O, 
Rb:Ce(N03)5. 4H2O, Rb2Ce(N03)6, CsCe(N03)5.H20. (NH4)2Ce (NO3)*, 
NH4HCe(N03)5.H20, (NH4):Ce(N03)5JcH20 (x = 0 and/or 4), Ce(CH3COO)3.H20. 

60 (CH3COCHCOCH3)3Cc. (NH4)2Ce(S04)6.vH20. (x = 0. 2 and/or 8), Ce2(C03)3.8H20, 60 
CeCb, 7H:0, Ce2(S04)3.8H20, Ce(S04)2.xH20 (x = 0. 2, 4. 5, 8, 9 and/or 12). CcBn, 
Cem03)2, Cel3.9H20, Ce(C1003.6H2O, CeP04, Ce(Ci2H25COO)3, Ce(C22H4jCOO)3 and 
rvtfCuHx^CnO'iy. wherein X is from 0 to 10. 
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7. A material as claimed in Claim 6, wherein the cerium complex sale is selected from 
Cc(Dip)2(N03).uvH20 (where Dip is 2,2'- bipyridyl and x = 0 to 16), 

Cc(Dip): Brj, 

CciPhcn)2(NOj)3 (where Phen is phenanthroline), ^ 
5 CcfPhcn)2(SCN)3, ^ 

Ce(Phtha)Br (where Phtha is phthalocyanine), 

Ce(Uro)2(SCN)3.8H20 (where Uro is urotropin), 

Na3[Ce(DP)3l (where DP is diphenic acid), 

Na[Ce(Naphih)2] (where Naphth is naphthalic acid) and 
10 NH4 tCe(OX)2] jtHjO (where OX is oxalic acid and ,t = 0 to 16). 

8. A material as claimed in any preceding Claim, wherein 5 x 10'' to 1x10*' mole of 
component (b) is present per mole of organic silver salt (a). 

9. A material as claimed in Claim 8, wherein 10*' to 10*^ mole of component (b) is present 
per mole of organic silver salt (a). 

15 10. • A material as claimed in any preceding claim* wherein said reducing agent is a 

2,4-dialkyl substituted o-bisphenol or a 2,6-dialkyl substituted p-bisphenol, or mixtures 
thereof. 

11. A material as claimed in Claim 10, wherein said reducing agent is represented by the 
general formulae I or II shown and defined hereinbefore. „ 
20 .12. A material as claimed In any preceding claim, wherein said photocatalyst is a light- 
sensitive silver haltde. ' . 

13. 'A thermally developable light-sensitive material, substantially as hereinbefore 
described with reference to material -A, C, D, E, F, H, I or J of the foregoing Examples. 

14. An image obtained b^; imagewise exposure and thermal development of a material as 

25 claimed in any preceding. claim. ^ 

15. A method of manufacturing a thermally developable light-sensitive material as 
claimed in any preceding claim, which comprises incorporating component (d) into the 
thermally developable light-sensitive material by adding it to the reaction system or a 
reactant solution tor formation of the organic silver salt and/or the light-sensitive silver halide _ 

30 before or during the formation thereof. -'^ 

16. A method as claimed in claim 15, wherein component (d) is added to the reaction 
- system by mixing a solution or a dispersion prepared by adding component (d) to a soluttonof 

a silver salt-forming organic compound with an aqueous solution of a water soluble silver salt 
or a silver complex salt. 

35 17. A method as claimed in Claim 15, wherein component (d) is added to the reaction 

system by mixing solutions consisting of a solution or dispersion of component (d), an 
aqueous solution of a silver salt or a silver complex salt and a solution or a dispersion of a 
silver salt-forming organic compound. 

18. A method as claimed in Claim 15, wherein component (d) is added by mixing a ^ 
40 solution or a dispersion of a stiver salt-forming organic compound with a mixed solution or a ^ 

dispersion prepared by adding component (d) to a solution of a silver salt or a silver complex 
salt. 

19. A method as claimed in Claim 15, wherein component (d) is added to a reactant 
solution for producing the light sensitive silver halide. 

45 20. A method as claimed in Claim 15, wherein component (d) is added to the reaction 
system for preparing the light sensitive silver halide in the course of the reaction. 

21. A method as claimed in Claim 15, wherein component (d) is added to the reaction 
system by adding said component (d) to one of the reactant solutions prepared for the 
formation of the organic silver salt and the silver halide, before or during the formation 

50 thereof. 50 

22. A method as claimed in Claim 15, wherein component (d) is incorporated into the 
thermally developable light sensitive material by using the light sensitive silver halide pro- 
duced by employing component (d) as a light sensitive silver halide-forming component. 

23. A methodof manufacturing a thermally developable light sensitive material, substan- 
55 tially as hereinbefore described with reference to material A, C, D, E, F, H, 1 or J of the 

foregoing Examples. 

GEE & CO.. 
CHARTERED PATENT AGENTS, 
Chancery House, Chancery Lane, 
60 London WC2A IQU. 60 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

IZI IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 
rl 

Q FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

J2f LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: \ 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



